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INTRODUCTION. 
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ItisaboutthirtyyearssincetheAuthor'sattention 
was especially directed to the subject of Bridge 
CoNSTRUOrTON; and, his Original Essays published 
in 1847, are believed to have aided considerably 
toward establishing the foundation upon which a 
knowledge of the principles involved, and the con- 
ditions required in the proper construction of Truss 
Bridges, has been built up, and carried to a high 
state of advancement. 

However that may be, the flattering terms in 
which his former labors in the premises have often 
been referred to, as well as the frequent applications 
for copies of his former publication, since the 
supply became exhausted, have prompted the 
issue of the present volume. 

This work inculcates the same development of 
General Principles, and treats of essentially the 
* same General Plans, Combinations, and proportions 
for bridge work, as were discussed and recom- 
mended in its humble predecessor; with such 
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additions and improvements as subsequent experi- 
ence and observation have enabled the Author to 
introduce. 

The design has been to develop from Funda- 
mental Principles, a system easy of comprehension, 
and such as to enable the attentive reader and 
student to judge understandingly for himself, as 
to the relative merits of different plans and combi- 
nations, and to adopt for use, such as may be most 
suitable for the cases he may have to deal with. 

It is hoped the work may prove an appropriate 
Text Book upon the subject treated of, for the 
Engineering Student, and a useful manual for the 
Practicing Engineer, and Bridge Builder. But as 
to this, the decision must be left to those into whose 
hands it may fall; and to that arbitrement, with- 
out further remark or explanation, it is respect- 
fully submitted. 
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PRELIMINARIES. 

L A bridge is a structure for sustaining the weight 
of carriages, animals, &c., daring their transit over a 
stream, gulf or valley. 

Bridges are constructed of various plans and dimen- 
sions, according to the circumstances and objects re- 
quiring their erection ; and it is the purpose of this 
work, after a few remarks upon the general nature and 
principles of bridges, to attempt some analyses and 
comparisons of the respective qualities and merits of 
various general plans, with a view of deducing practi- 
cal results, as to a judicious and economical choice and 
application of materials in the construction of these 
useful and imporhmt structures. 

n. The force of gravity, on which the weight of 
bodies depends, acts in vertical lines, and consequently, 
a heavy body can only be prevented from falling to the 
earth, by a force equal and opposite to that with whiclpt 
gravity impels the body downward. This resisting 
force must not only act vertically upward, but the line 
of its action must pass through the centre of gravity of 
the body it sustains. All the forces in the world, act- 
ing parallel with, or perpendicular to, the vertical pass- 
ing through its centre of gravity, could not prevent a 

1 
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mneket ball (concentrated to the point of its centre of 
gravity) from falling to the centre of the earth, unlese 
it were a horizontal force capable of giving the ball a 
projection, such that the centrifugal tendency should 
«qual or exceed gravity — a kind of force which could 
never be made available toward preventing people from 
falling into the water in crossing rivers ; consequently, 
having no application in bridge building. 

In fact, nothing but a continuous series of unyielding 
material particles, extending from an elevated body 
downward to the earth, can hold or sustain that body 
above the earth, by vertical and horizontal action 
alone, either separately, or in combination. 

ni. Suppose a body, no matter how great or small, 
placed above the earth, with a deep void, or an inac- 
cessible space beneath it. Attach as many cords to it 
as you please, strain them much or little — only hori- 
zontally — the body will fall, nevertheless. Thrust any 
number of rods, with whatever force you may, hori- 
zontally against it; still the body will fall. This is 
obvious from the fact that horizontal forces, acting at 
right angles with the direction of the force of gravity, 
have no more tendency to prevent, than to promote 
the fall of the body. 

Moreover, the space beneath being inaccessible, 
there is no foundation, or foot hold, upon which to 
rest a post or stud that may directly resist the action 
of gravity, while the lines of all other vertical forces or 
resistances, pass by the body without touching it. 

In the case here supposed, the body can only be pre- 
vented from falling by oblique forces ; that is, by forces 
whose lines of action are neither exactly horizontal, 
nor exactly perpendicular. Attach two cords to the 
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body, draw upon them obliquely upward and outward, 
in opposite directions, or from opposite sides of the 
void, with a certain stress, and the body will be sus- 
tained in its position. Apply two rods to it obliquely 
upward, of a proper degree of stiffness, in the same 
vertical plane, and on opposite sides of the perpendicu- 
lar, a certain thrust exerted upon those rods, will pre- 
' vent the descent of the body. 

TV". Here, then, we have the elementary idea — the 
grand fundamental principle in bridge building. What- 
ever be the form of structure adopted, the elementary 
object to be accomplished is, to sustain a given weight 
in a given position, by a system of oblique forces j whose 
resultant shall pass through the centre of gravity of the 
body in a vertically upward direction, in circumstances 
where the weight can not be conveniently met by a sim- 
ple force, in the same line with, and opposite to, that 
of gravity. 

For a more clear illustration of this elementary idea, 
let us suppose a a', Fig. 1, to represent the banks of a 
river, or the abutments of a bridge ; and gfj the line 
of transit for carriages, &c. ; and, let us further suppose 
a load of a certain weight, w^ to have arrived at a point 
centrally between a a'. The simplest method of sus- 
taining the weight is, perhaps, either to erect two ob- 
lique braces aw. . a'w?, or suspend two oblique chains 
or ties pw, fw, from fixed supporting points a a', or p p\ 

It is not necessary that the weight be at the angular 
point !£?, of the braces or chains, but it may be sustained 
by simple suspension at w^ below, or simple support at 
w" above, and such obliquity may be given to the braces 
or chains as may be most economical ; a consideration 
which will be taken into account hereafter. 
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V. Thus we see how a weight may be sustained cen- 
trally between the banks of a river, or the extremities 
of a bridge. But the structure must not only provide 
for the support of weight at this point, but also at every 
other point between a a\ oxgg' ; and it is obvious that 
the same plan and arrangement will apply as well at 
any other point as at the centre, with only the variation 
of making the braces or chains of unequal length. 

Fia. 1. 




This, however, would require as many pairs of braces 
or chains as there were points between g g', a thing, 
of course, impracticable, since the oblique members 
would interfere with one another, and be confounded 
into a solid mass. We therefore resort to the transverse 
strength and stiffness of beams, — phenomena with 
which all have more or less acquaintance, and without 
digressing in this place to investigate their principles 
and causes, it will be assumed as a fact sustained by all 
experience, that, for sustaining weight between two 
supporting points upon nearly the same level, a simple 
beam affords the most convenient and economical 
means, until those points exceed a certain distance 
asunder, which distance will vary with circumstances ; 
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but in bridge building, will seldom be less than 10 to 
14 feet, where timber beams are employed. Hence, 
for bridges of a length of 12 to 14 feet, usually, nothing 
better can be employed than a structure supported by 
longitudinal beams, with their end^ resting upon abut- 
ments or supports upon the sides of the stream. 

Of course, no reference is here had to stone or brick 
arches. For, though these are advantageously used 
for short spans, and in deep valleys, where the ex- 
pense of constructing high abutments for supporting a 
lighter superstructure, would exceed or approximate to 
that of constructing the arch, it is the purpose of this 
work to speak only of those lighter structures, com- 
posed mostly of wood and iron, and supported by abut- 
ments and piers of stone, or by piles, or frames of wood. 

Itaving then adopted the use of beams for supporting 
weight upon short spaces, it is only necessary upon 
longer stretches, to provide support for a point once 
in 10 or 14 feet, by braces, &c., from the extremities; 
and for intermediate points, to depend on beams or 
joists extending from one to another of the principal 
points provided for as above.* 

VI. For a span of 20 or 30 feet, it would seem that 
no better plan could be devised, than to support a 
transverse beam midway between abutments, by two 
pairs of braces or suspension chains, proceeding from 
points at or over the abutments, one pair upon each 
side of the road-way ; this transverse beam affording 
support for longitudinal beams or joists extending 



* It is susceptible of easy demonstration tliat the power of beams to 
sustain weight by lateral stiffness, forms no exception to the principle 
that oblique forces alone can sustain heavy bodies over inacceadble 
spaces. Bat this matter Ib deferred for the present. 
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lower end of the brace. Hence, the weight Buetained 
by the brace ac, exerts the same vertical pressure at 
the point a, as it would do if resting at that point, 
while the brace requires a horizontal resistance to pre- 
vent its sliding to the left, as would be the case if its 
foot sinjply rested upon a smooth level surface. This 
horizontal resistance may be provided by abutments 
of such form, weight, and anchorage in the earth, as to 
enable them to resist horizontally as well as vertically, 
or by a horizontal tie, in the line oi, connecting the 
feet of opposite braces. 

These two methods are both feasible to a certain ex- 
tent, and in certain cases ; and, both involve expense. 
Under particular circumstances, it may be a question 
whether the former should not be resorted to, wholly 
or partially. But for general practice, in the construc- 
tion of bridges for heavy burthens, such as rail road 
bridges, and especially iron truss bridges, where expan- 
sion and contraction of materials produce considerable 
changes, it is undoubtedly best to provide means for 
withstanding the horizontal action of obliques, within 
the superstructure itself; and this principle will be ad- 
hered to in the discussions following. 

The preceding remarks and illustrations as to the ac- 
tion of braces, or thrust obliques, obviously apply in 
like manner to obliques acting by tension, with only 
the distinction, that in the latter case, the weight is 
applied at the lower, and its action transmitted to the 
upper end of the oblique, and the horizontal action (at 
the remote end), is inward, and toward the vertical 
through the weight, instead of outward ; and conse- 
quently, must be counteracted by outward thrust, as 
by a rigid body between the points pp'. Fig. 1, or by 
heavy towers, and anchorage capable of withstanding 
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the inward tendency. Hence, in applying the rule he- 
fore given, to tension obliqueSj and their vertical and 
horizontal constituents, the vrord pull should be sub- 
stituted for the word thrust^ wherever the latter occurs 
in said rale. 




TWO PANEL TRUSSES. 

IX. There are three forms of truss adaptable to 
bridges with a single central beam or cross bearer 

(which may be called two 

"Rio R X rf 

•^ "• ^ panel trusses), the general 

characteristics of which, 
are respectively repre- 
sented by Figures 3, 4 and 
5. Fig. 8 represents a 
pair of rafter braces, with 
feet connected by a horizontal tie, and with a vertical 
tie by which the beam is suspended at or near the 
horizontal tie, or the chord, as usually designated. 

For convenience of comparison, let 6rf = i?,=3l,=! ver- 
tical reach of oblique members in each figure. Also, 
let each chord equal 4i;, = -4, and the half chord = 2 =■ 
A = horizontal reach of obliques in Figs. 3 and 4. Then 
adj Fig. 8, equals \^h^+v^ «-• -v/S, and if the truss be 
loaded with a weight w^ at the point 6, bd will have a 
tension equal to w?, and abc^ [see rule at end of Sec. 
VII], a tension equal to J?(7, ( = weight sustained by ad), 
multiplied by the horizontal, and divided by the ver- 
tical reach of ad ; that is, equal to J i^, = Jm? f , " w; 
while ad suft'ers compression from end to end, equal to 
1 10^. But ad = v'5, and v — l. Whence Ji^ « 

2 
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Kow, as the cross-section of a piece, or member, ex> 
posed to tension (or to thrust, when pieces are similar 
in figure), should be as the stress, it follows that the 
weight of each such member should respectively, be as 
the stress sustained, multiplied by the length, + an ad- 
ditional amount taken up in forming connections; which 
latter, for purposes of comparing the general economy 
of different plans, may be neglected. 

X. Then, representing by M, the amount of material 
required to sustain a stress equal to u?, with a length 
equal to 6d, = 1, we have only to multiply the stress 
of a member in terms of tr, by the length in terms of 
bdj or Vy and change Z(7 to M, to obtain the amount of 
material required for the member in question, omitting 
the extra amount in the connections. Hence, the 
length of the vertical tie bd^ being equal to 1, and hav- 
ing a stress equal to w^ requires an amount of material 
equal to 1m. 

For the horizontal tie, or chord, length = 4, and 
stress (as seen above), » Wy whence material » 4m. 
This added to 1m, required for the vertical, makes a 
total of 5m, for material exposed to tension in truss 3. 

The two thrust braces, as already seen, sustain com- 
pression equal to Ji^?\/5, which multiplied by length, 
v^5, and w changed to m, give material = | m, for each, 
or 5 m, for the two. 

XI. Ill the case of truss Fig. 4, the obliques mani- 
festly sustain a weight = Jz/?, by tension, giving stress « 
Iw v'S, which multiplied by length, « \/5, gives |m « 
material for each, aud 5m, for the two. The compres- 
sion of kiy equals ^wxh = iwx2 =■ to, while the lengthaa 
4, whence, material » 4m ; and, each end post sustain- 
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ing ^Wy with length «■ 1, the two require material » m, 
making the whole amount of thrust material = 5m. 

Thus we see that the two plans require each the 
same precise amount of material for sustaining both 

tension and thrust, upon 
the supposition that the 
material is capable of sus- 
taining the same stress to 
the square inch of cross- 
section, in the one plan as 
in the other. This is true 
as to tension material ; but with regard to thrust mate- 
rial, the power of withstanding compression, varies with 
the ratio of length to diameter of pieces, as well as with 
the form of cross-section ; and it will hereafter be seen, 
that in this respect, plan 8 has the advantage in having 
the compression sustained mostly by shorter pieces, 
unless ki be supported vertically and laterally by a stiff 
connection with the beam at/, which would increase 
the amount of material. 




Fio. 6. 



XII. Plan Fig. 5 has three members (?n, mp and mq) 
exposed to tension, and the remaining three exposed, to 

compression. With the 
same length and depth 
of truss, and the same 
load a w, at m, and with 
obliques equally inclined 
(at 45^), it is manifest that 
*the vertical and horizon- 
tal reaches, each for each, is equal to 1, and the length, 
equal to s/2 ; while the weight sustained by each equals 
^w. Hence, the action (of tension or compression), 
equals ^((7\/2, and the material equals |\/2x%/2.m «» 1m; 
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making for the four pieces, 2m for tensioiiy and 2m for 
compression. 

The tie or chord &i, suffers tension equal to the hori- 
zontal constituent of the thrust of ;{, manifestly equal 
to the weight sustained by qlj or equal to J w. There- 
fore, the length being equal to 4, the material required 
in its construction, equals 2m. The remaining mem- 
ber pq (sa 2) sustains compression equal to the com- 
bined horizontal constituents of the tension of mg, and 
the compression of ^2, each of said constituents equal 
to |i/7, making compression of ^, equal to ti7, and length 
being 2, material =« 2m 

We have therefore, for this plan of truss, 4m, for 
thrust material, and 4m for tension material, which is 
I less than in case of Figs. 8 and 4. Consequently, 
this plan is decidedly more economical than either of 
the others, unless the compression material acts with 
better advantage in the latter than the former; that 
is, unless the thrust members in 8 and 4, have a greater 
power of resistance to the square inch of cross-section, 
than those in Fig. 5. 

Ail I. As to this, both theory and experiment prove, 
as will be shown in a subsequent part of this work, 
that the long thrust members in bridge trusses, are 
liable to be broken by deflection, rather than by a 
crushing of the material ; that in pieces with similar 
cross-sections, with the same ratio of length to diameter, 
the power of resistance to the square inch is the same. 
That, since the cross-sectton is as the square of the di- 
ameter, and the diameters (in similar pieces), as the 
lengths, the absolute powers of resistance (being as the 
or«8s sections), are as the squares of the lengths. 
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Hence, if the compressive forces acting upon two 
pieces of different lengths, be to one another as the 
squares of the lengths of pieces respectively, and the 
diameters be as the lengths, the forces are as the cross- 
sections, and proportional to the power of resistance in 
each case, and the material in the two pieces, acts with 
equal advantage, as far as regards cross-section, so that 
the products of stress into length of pieces, are the true 
exponents of amount of material required in the two 
pieces respectively. It follows, that; if on dividing the 
forces acting upon the pieces in question respectively, 
by the squares of the lengths, the quotient be the same 
in both cases, the two pieces have the same power of 
resistance to the square inch, and in general, the greater 
the value of such quotient, the greater the power per 
inch, and the greater the economy, though not neces« 
sarily in the same precise ratio. 

XIV. Applying this rule to thrust members in plan 
Fig. 3, being the braces, the compressive force equals 
Ji/7%/5, and square of length = 5. Hence the quotient 
^x^w •5 = 0.2236/(?. 

The piece Ai Fig. 4,has length =4 and compression^ 
«;, whence, force divided by square of length gives ^^w 
= 0.0625?^. This shows the material to be capable of 
sustaining much more to the square inch in the former, 
than in the latter case, though it does not give the 
true ratio. On the other hand, ek and giy with length 
« 1, and stress = \w^ give quotient = \\o = 0.5m?. 
Hence, with similar cross-sections, these parts have 
greater power to the inch than either of the former, but 
not enough to balance the inferiority of /a, as compared 
with ad and rfc, in Fig. 3. 
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With regard to truss Pig. 6, ql and prij suffer each 
compression equal to Jm?%/2, with square of length « 2, 
giving quotient «= |u?%/2, « 0.371i£?, while /^y, has com- 
pression =a w, and square of length « 4, and quotient 
« Jm? « 0.25t£?. Hence it appears that this plan not 
only possesses a decided advantage in the less amoimt 
of action'^ upon materials, but also, a considerable ad- 
vantage as to ability of compression, or thrust members, 
to withstand the forces to which they are exposed. 

XV. Still another modification for a truss to support 
a single beam, is formed by reversing Fig. 3, thus con- 
verting tension members into thrust members, and vice 
versa; the oblique members falling below, instead of 
rising above the grade, or road-way of the bridge. In 
this case, the long horizontal thrust member ac, is di- 
vided and supported in the centre, and its economy of 
action becomes the same as that of pq, in Fig. 5 ; and 
the truss gives the same exponents for both thrust and 
tension material as when in the position of Fig. 3. 
This arrangement affords no side protection, and is 
not always admissible, on account of interference with 
the necessary open space beneath. 



Deductions. 

XVI. We seem to learn from what precedes, that : 

(1). Since all heavy bodies not in motion toward, or 
not approaching the centre of the earth (or receding 
from it under the influence of previous impulse), exert 
a pressure equal to their respective weights [vni], 

* By the expression, amount of action, is meant, the sum of products 
of stresses into lengths of parts, or members. 
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either directly or indirectly upon the earth; and, since, 
a body crossing abridge, having (as bridges are always 
supposed to have), avoid space underneath, preventing 
a direct pressure, it follows, that every such body exerts 
an mdirect pressure at some point or points at greater 
or less horizontal distance from the body. 

(2). That the pressure of a body at a point or points 
not directly below it, can only take place through one 
or more intermediate bodies, or members, capable of 
exerting (by tension or thrust), one or more oblique 
forces upon the first named body, and it is the office 
of a bridge to furnish the medium of such horizontal 
transfer of pressure [rv]. 

(3. That a single obliqjae force can not alone prevent 
a heavy body from falling toward the earth (since two 
forces can only be in equilibrio when acting oppositely 
in the same line), and that each oblique force is equal 
to the combined action of a vertical and a horizontal 
constituent, of which the first alone is equal to the 
weight sustained and transferred by the oblique 
member, while the horizontal constituent, acting at 
both extremities of the oblique medium, must be coun- 
teracted by means outside of the oblique and the weight 
sustained by it ; which means are usually to be sup- 
plied by other members of the structure [viii]. 

(4). The direct force exerted by an oblique member 
(in the direction of its length), is equal to the weight 
sustained, multiplied by the length, and divided by 
the vertical reach of the oblique, while the horizonta. 
constituent equals the weight sustained multiplied by 
the horizontal, and divided by the vertical reach of 
the oblique [vn]. 

(5). The amount of material required in a tension 
member, is as the stress multiplied by the length ot 
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the member [ix] (disregarding extras in connections) 
and the same is true of thrust members of similar 
formed cross-section s, sustaining stress proportional to 
the square of the length of pieces respectively. 

(6). The respective stresses of two thrust members, 
divided by the squares of respective lengths, give quo- 
tients indicative of, though not proportional to, the re- 
lative efficiency of material in the two members, — the 
greater quotient showing the greater efficiency, or 
greater power of resistance to the square inch of cross- 
section [xiii]. 

With these rules or principles in view, we may pro- 
ceed advantageously with general analyses and com- 
parisons of different plans, or systems of bridge trussing, 
adapted to different lengths of span. 



■*♦*■ 



THREE PANEL TRUSSES. 

XVII. In structures exceeding 25 or 30 feet in length, 
the length of joists from the centre to the ends, would 
require cross-sections so great, to give them the requi- 
site stiffness, that their weight and cost would become 
objectionable. It becomes expedient, then, in such 
cases, to provide support for more than one principal 
point, or transverse beam, or bearer. A superstruct- 
ure from 30 to 40 feet long, may be constructed with 
two cross beams, supported by two trusses with two 
pairs of braces each, with the feet connected by a hori- 
zontal tie or chord, as seen in Fig. 6. 

The cross beams, may be at b 6', or suspended at c 
and dj at equal horizontal distances from a a\ and from 
one another; which latter position they will be re- 
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garded as occupying in this instance. Or, the figure 
may be inverted, thus reversing the action of the several 
thrust and tension members. 

• 
XVIII. Another, and a more common form of truss 
for two beams, is shown in Fig. 7, These may be 
called three panel trusses. 

Pio. 6. 





To compare these two trusses, suppose the two to 
have the same length and depth, and to be loaded with 
uniform weights, U7, at the two points c and d in eacl^. 
Then, since we know from the principle of the lever, that 
each weight produces upon each abutment, a pressure 
inversely as its horizontal distance from them respec- 
tively, and that the pressure upon the two abutments 
is equal to the weight producing it, it follows that oi, 
Fig. 6, sustains Jt^, and compression » } ^w. Hence 

making a6 « d,... 6c«i;, and ac^h^ ... f^f(;, becomes 

} H^, and multiplying this stress by length, » D, and 

8 
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changingM?toM*,wehaveformaterialina6,...|5! m. But 
D»=.;i« + v", whence §5!m - j (*! +„) m - if"+ ^^)m. 

Again, a6' eustains Ju;, with length « V4A^+(?, and 
by multiplying and changing as in case of oi, we obtain 

material in ab\ «(^ + ^) m, which added to amount 
for ab, give8(^ + v) M for the two braces, and 
(i5! + 2i;)M for the four. 

The horizontal thrust of aft « iir- while that of aV 

= i W5 - =» fw?-. Hence the horizontal thrust of ah and 

afes- J u?- 8= tension of oa', and material for chord (jui\ 

equals 8 x |— M «=— m. Tension of be and 6'd, each, 

equals w^ and material for the twoa>2vM, which 
added to amount in aa'y makes the whole tension 

material equal to(— +2y) m, being the same co-efficient 

of M as was obtained for compression. 

In truss Fig. 7, ... ab and a'b' (=■ d « %/AM^), evi- 
dently sustain each a weight equal to Wy and a stress ^ 

y/W+^w. Whence, material = (- + i?) m for each, 

and (^- + 2r) m for both, while bb\ equal to A, sustains 

compression equal to the horizontal thrust of ai, equal 
to-^<£7, and requires material equal to ^m, making, with 

amount in braces ab a'b\ (— + 2v) m. 

Now we have just seen that the horizontal thrust of 
aby equal to the tension of chord aa', equals •^?(7, and the 



* Wlien f> is used in the co-efficient of M, then M represents the pro- 
duct of the stress^ in terms of to, by length according to any assumed 
unit, which may be equal to v or not. 



Three Panel Trusses. 19 

length being SA^ the material consequently equals 
.=^M, to which add 2rH for verticals, and we have 

(J^ 4- 2 v)u "■ whole amount of tension material in 

truss 7y which is less by ^ m, than in the case of truss 
Pig. 6. 

XIX. With regard to thrust matenal, it is clear that 
while in truss 6, the weight on either pair of braces, is 
transferred in due proportion to both abutments, inde* 
pendently of the other braces, whether one or both pair 
be loaded ;' on the contrary, truss 7, when c only is 
loaded, must transfer ^w to a\ which can only be donis 
through a% the only oblique member acting at the point 
a\ Moreover, the weight must be communicated to a'b\ 
at the point b\ through tlie thrust of M, and the tension 
of db\ assuming bd and cb^ to be thrust members. Now, 
as either c, or (f, is liable to be loaded with weight equal 
to Wj while the other is unloaded, it follows that both 
bd and cb' are liable to sustain weight equal to |u7, and 

require thrust material equal to j^(~ + v)n. for each^ 
or (f* + ^)m for the two. The whole amount of 
thrust material for truss 7, then, equals (— + 2 t;)M, 
(the amount found above) + (^ + ft)M, equal to 
(W* + 2 1 1?) M, against (^ + 2i;)m for truss 6; the 

difference being {^ — |r) m. If this be a positive 

quantity, the balance is in favor of truss 7, and i^ nega- 
tive, in favor o*f tress 6, as regards amount of action 

on thrust material ; while, if i^ — f t; «■ zero, the 
amount of thrust action is the same in both trusses. 
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Either of these suppositions may be true, according to 
the relative values of A and v. If A -■ V\/2. theni^ — 

|w-»o. If A, be greater than r\/2—- J^ — |i> is 

positive, and if A be less than t7\/2, the value is nega- 
tive. But the amount is trifling in any probable rela- 
tion of A and v, and may be disregarded in this general 
comparison. 

Calling then, the amoimt of action upon thrust mate- 
rial in the two plans equal, there is a probable advan- 
tage in favor of truss 7, as to efficiency of thrust 
material, while the latter truss, shows a positive advan- 
tage over truss 6 in amount of tension material, equal 
to {^ + 2v) — {^ + 2v)u^^u. This is equal to 

4m, when A -» 2t; « 2 ; which is in tolerable proportion 
for the trusses under discussion, and, substituting these 
values of A and t; in the expressions of tension material 
in the trusses respectively, we have (16 + 2)m for truss 
6, and (12 + 2)m for truss 7, being about 28^ per cent 
more for 6 than for 7. 

The same difference would appear with Fig. 6 in- 
verted, the thrust and tension action being the same 
in amount of each, only sustained by different mem- 
bers, thrust members in one case becoming tension 
members in the other. 



*».■ 



FIVE PANEL TRirSSES. 

XX. Truss Fig. 7, may be increased in length and 
number of panels, by introducing additional panels 
between the end triangular panels, and the rectangular 
centre one either of an oblique form, as in Fig. 8, which 
represents an arch-truss, or of a rectangular form as in 
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Fig. 10. The truss on thfe plan of Pig. 6, may be 
lengthened by introdQcidg additional pairs of inde* 
pendent braces, as seen in Fig. 9. 

FiQ. 8. 




For the analysis of these trusses, using the same no* 
tation as before, as far as applicable, that is, making 
V =a verticals c4, in 8 and 10, and equal to nn\ pm\ etc., 
in Fig. 9 ; A =■ aJ,= width of panel in each figure, =■ J 
whole chord ; «;=» uniform weights at the four bearing 
points in each, and M »■ weight of material required to 
sustain a stress equal to w^ with length equal to 1 ; 
then, making /6 » 1 1; in truss 8, it is obvious that the 
two abutments at a and/ together sustain iw, with the 
common centre of gravity of all the weights midway 
between abutments, whence each abutment sustains 
2i^, equal to weight sustained by al. The compression 

of al therefore equals ^w. But cd « v^A* + ivK 

which substituted in last preceding expression, gives 

I \/h^ + I i;^,«compression of aL Whence, multiply- 



ing by length, v^A*+Jy*, and changing t(? to m, we 
have [—+liv) m » material for aL 
The horizontal thrust of a/> [xvi (4)] equals 



2w 



8A 



i« 



M?, a* tension of chord af. 



The oblique member Ik^ sustains weight«W7 (through 
the vertical ck)^ and has a vertical reach "B^r, 



• ! 
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whence it snfiers compresuon equal to^ w, =^^w^ a 
8 ^ h^ + ji^ w, and requires material equal to (— + 

I^)m, while its horizontal thrust equals -~-w, ■.Jiu?,*. 

compression of kij by which it is contracted. The ma- 
terial required for fa', therefore,— -rfiM. Material tor tjr 

and gff is the same as above found for al and Ik^ and, 
doubling those quantities, and adding amount just 

found for fa*, we obtain(— + 8J») m, -a material in 
the whole arch. 

The tension of the chord af (Fig. 8), has been seen 

to be equal to — u?, whence, multiplying by the length, 

5A, and changing w to m, we have 1^ m, ■= material for 

chord. 

The 4 verticals sustain each, weight »■ t/7, and the 
aggregate length being 8|t;,... material » S^vm. This, 

added to amount in chord, gives (^ + 8Ji?)m, -■ ten- 
sion material required to support a full uniform load, 
as above assumed. But since any number of the points 
Oy c, (2, e, are liable to be loaded while the others are 
unloaded, it is obvious that in such case, the arch will 
not be in equilibrio, the loaded points tending to be 
depressed, while the unloaded, tend to be thrust up- 
ward. Hence the arch requires the action of the ob- 
liques, or diagonals, in the three quadrangular panels, to 
counteract such tendency ; and, as will appear further 
on, these members will require material equal to about 
one-third of the amount required in the chord, thus in- 
creasing the amount of tension material for the truss to 

about(?5?+4ii>)M. 
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XXL Iq trues Fig. 9, each brace obviously sustains 
a portion, x, of the weight w^ which is to lo^ as the 
horizoDtal reach of its antagonist, as to horizontal 
action,. or its fellow and assistant vertically, is to the 
whole length of chord ; that is, the weight x, bearing 
at m, through 7nn', is to w^ b^b ns to ms ; or, a: : lo : : 4 : 5. 
Ilence x =« |U7. This, multiplied by the horizontal 
reach, equal to A, and divided by t;, gives the horizontal 

thrust of the brace, equal to j-u;. 

Fia. 9. 




In like manner, mmf sustains a weight a;', which is to 
Wj as ^5 to ms^ i. e., z' : m? : : 8 : 5, whence x' = f w?, and 

the horizontal thrust as f —M? *■ |-u?; and in general, 

the horizontal thrust of a brace in this kind of truss, 
equals tr, multiplied by the product of the number of 
sections of chord at the right and the left of the point of 
application (of the weight), and divided by the whole 
number of chord-sections, and, by the vertical reach {v) 
of the brace. 

But the horizontal thrust of mn' equals that of n'5, « 
that of m^ ,and the horizontal thrust of mm^ equals that 
of m's ■■ that of wiw, whence, horizontal thrust of the 
4 braces bearing at m, equals twice that of mn' and 

mm', together, -2(ji + f^)M?» 



207i 



W 



4^M?. This 
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being equal to the tension of the chord, multiplying 
by length 5A, and changing w to H, gives material for 

chords"— M. Adding to this, 4i;m, for 4 verticals 

with stress =st(;, and length =t;, each, makes whole 

amount of tension material equal to (— ' +4i?)m, being 

very nearly the same as for truss, Fig. 8. 

XXTI, As for braces in truss 9, we have already 
seen that each brace sustains weight equal to w^ multi* 
tiplied by the number of panels crossed by its fellow, 
and divided by the number of panels in the whole 
truss. Hence mn' sustains Jm?, with length equal to 
s/h?+v^. Therefore, stress = J s/ h^+v^ w^ which mul- 

tiplied by length, and w changed to M, gives material 
for mn' « i(-+ t?)M, =» (^ + -^)m. mm' • sustains 



|m? with length = \/4A^ + ir*, whence material » 
I (^+j;)m, =(;^'+^)m. mu sustains f m? with length 

'mx/W+^y and material equals(^^'+-~-)M, while mt, 

sustains ^m?, with length ■= ^W?+P requiring 
material «■ (y^'+ |-)m. Then, adding and doubling 

these amounts, we obtain(— * +4t?)M, against (—' + 

8Ji;)m, for truss 8 ; a difference of about 80.6 per cent 
when A =■ V, and about 3i.6 per cent when h « 2v. 

Thus, truss Pig, 8 has over 80 percent advantage 
over truss Fig. 9, in the tconomy of amount of action 
upon thrust material, with the advantage as to efficiency 
of action of this material, undoubtedly, also on the side 
of truss 8. Tension material is nearly the same in 
both. 
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XXIII. If trass Fig. 9 be inverted, dropping the ob- 
lique members below the road-way of the bridge, thus 
reversing the action of thrust and tension members, the 
thrust material would act with nearly equal advantage 
in both plans, and with about the same amount of 
action. But the 80 per cent advantage as to amotlnt 
of action upon tension material, would still be in favor 
truss 8. Besides, it is only in exceptional cases that 
this arrangement can be adopted, on account of interfer- 
ence with the necessary space below the bridge. 

Fia. 10. 




XXIV. In truss Fig. 10, suppose the points 6,c, rf, e, 
to be loaded successively from left to right, with uni- 
form weights equal to w each, and suppose the truss to 
be without weight, as we have hitherto done. When 6 
alone is loaded, Ju? must bear at /, [xviii] which may 
be effected, either by tension of W, thrust of fc, tension 
of cA, thrust of irf, Ac, by tension vertical and thrust 
diagonal alternately, till it reaches /; acting in its 
course upon 4 verticals, and 4 obliques, with a weight 
upon each, equal to ^U7. Or, the weight maybe trans- 
ferred by tension of 6/c, ci and dg^ and thrust of Ac, id 
and gf. These alternatives are subject to the control 
of the builder, and he will form and connect the parts 
accordingly. Let it be assumed that the truss has ten- 
sion diagonals, and thrust uprights at e and d^ while lb 

4 
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and eg are necessarily tension members in all cases, in 
practice. 

Again a weight, w^ at c, mast cause pressure equal 
to §U7 at/, through tension of d and dg^ and thrust of id 
and gf. This, with the }tr, from the weight at 6, makes 
{2/t, acting on ci. But the weight at c, causes pressure 
equal to {u? at a, necessarily through tension of cl ; 
and since cZ and bk are antagonistic, the action upon 
one tending to produce relaxation of the other, it fol- 
lows that only one can act at the same time, unless 
unduly strained in the adjustment of the truss. Hence, 
the \w^ which acts upon M, when h alone is loaded, is 
overbalanced by the f t/7, tending to act upon cf, on 
account of the load at c ; and the result is, that bk is 
relaxed, the whole weight at i, is necessarily sustained 
by bl and to, and the f u?, which must by a statical 
necessity, bear at/, in consequence of the loads at b 
and c, is all made up from the weight at c, leaving 6nly 
f «(7 of this weight to bear at a, through cl. Now, since 
it is obvious that all load at c, d^ or 6, must contribute 
to the pressure at a, which can only occur through 
action upon c/, it follows that bk can only sustain the 
whole weight of \w^ when the point 6 alone is loaded ; 
and consequently, that \w is the greatest weight that 
bk can ever be subjected to. 

Then, applying another weight, Wy at d, it must add 
\w to the pressure at/, through tension of dg and thrust 
oigfy which last amount, added to \Wj communicated 
to dg through ci and id^ makes %Wy as the weight sus- 
tained by dg. But the weight at <i, also causes pres- 
sure at a, equal to f i^, which can only be done through 
action, or tendency to action upon dJc^ and since dk and 
ci are antagonists, only one can act at once, and that, 
only with a force equal to the excess of tendency to 
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action of the one, over that of the other. Now we 
have seen that weights at b and c, tend to throw Iw 
npon ciy while the weight at d^ tends to throw ^w upon 
dk. Hence, in' these circumstances, ci only sustains 
\iDy which is transferred to dg through thrust of ii, 
while dk is relaxed, and the whole weight at <i, is sus- 
tained by dg; making, with the Iw from ct, just above 
mentioned, f i^, equal to the pressure due upon the 
abutment at/, on account of weights at 6, c and d. 

Lastly, a weight, Wy at «, tends to give pressure equal 
to ^10 at/, through eg and^, and a pressure equal to i 
w at a, through ei, dk^ etc. This latter tendency has 
the effect to diminish by Ji^, the tendency of previously 
imposed weights, to throw fu? upon dg^ reducing it to 
^Wj and to neutralize the balance of iw acting upon 
ci, after the imposition of the weight at d, leaving et 
and dk both inactive, while eg sustains the whole weight 
applied at c, equal to w. 

If ow, as we have seen, any weight at d or e, tends to 
throw action upon dk, thereby diminishing action upon 
cij and since weight at b and c, both contribute to the 
stress of ei, it follows that the maximum action upon 
a, occurs when b and c are loaded, and d and e, unloaded. 

For similar reasons, the maximum action upon dg, oc- 
curs when e alone is unloaded. 

The maximum weight sustained by lb, and eg, is the 
weight applied directly at each of the points b and e, 
equal to w, and the maximum weights sustained by ei, 
dk, and cl, are the same as those sustained by bk, ci and 
dg, each respectively, as just above determined ; while 
al and gf, both receiving action from weight on any 
part of the truss, obviously sustain their maximum 
weight, equal to 2w, under the full load of the^russ. 
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Synoptical Statement in regard to Trusses (Figa, 

8, 9 and 10. 



o 
6 






K 



Amouivt of Action itfon Materials 



8 



of 



10 



XXII 



Tennon. 

( a^L + 4p) h 
{M. + 6v) H 



V 



Oompremon. 
(iHl+5jo) M 



Tuted. 
(8^ + 7«») K 

(i^+lllr)M 



Making A « i? ■■ 1, the above table will be as 
follows : 



8 

9 

10 



24J1I 
24h.. 
21m.. 



18JM 
24m . 
181m 



.42}M 

.48m 

.89^M 



XXVL This shows very nearly the relative amount 
of tension material required in the several plans; 
while, as previously stated, the amount of compression 
material is not so nearly indicated by the figures and 
expressions giving the amount of action (sum of stresses 
into lengths of pieces), as in case of tension members. 
The compression material in Ko. 8 (the arch truss), is 
undoubtedly more efficient in action than in either of the 
others, while that in TSo, 9, is unquestionably the least 
so. In fact, this truss will be hardly considered aa 
possessing advantages of any kind, sufficient to induce 
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its adoption ; and it will not be considered in the dis- 
cussions and comparisons in regard to trasses of greater 
apan^ to which we may now proceed. 



— ♦»■ 



TRUSSES WITH SEVEN PANELS. 

Thb Arch Truss. 

iXVJLL In Pig. 11, let md^Vj and A- ab -^ If 

each of the points 6, Cy dj etc., be loaded with a weight 
equal to w^ then, in order that the arch may be in cqui- 
librio under the effects of these weights, without any 
action of the diagonals, it is necessary that each section 
of the arch have the same horizontal thrust, since, if 
one section have a greater horizontal thrust than the 
one opposed to it at either end, the diagonals alone can 
sustain the surplus. And, that the sections may have 
the same horizontal thrust each must have a vertical 
reach (the horizontal reach being the same for all), 
proportional to^the weight (W) sustained by each. For 
illustration, horizontal thrust being equal to W-, in 

order thitt this expression may represent a constant 
quantity, h remaining constant, v must be as W. 

Now, ml being horizontal, can sustain none of the 
weight acting at the point m, through the vertical md; 
hence mn must sustain a weight equal to w. This is 
transferred to no [viii], and in addition to the weight 
at c, makes 2w sustained by no. The latter weight is 
in turn transferred to oa^ and, in addition to the weight 
at by makes Sw^ to be sustained by ao. The vertical 
reaches, therefore, beginning with ao, should be as 8, 
2 and 1 ; whence, ob should equal ^v, and nc should 
equal |r. 
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The thrust of ao^ then, equals ^vo—^ 

"I* 



6W7.??, « 



6m? v^^jhil ; whence, amount of action 

on material* « (?^ + l\v)xu. 



Thrust of ow, = 2w^, 



6m? 



on 



6u7 \//i!±K, and material =- (?5!. + |i)xM. 



Thrust of nm =-u?2^ « 6m?25L » 
6m? VFTS?, and material =- (?^+ j!?)xM. 

Thrust of ?nZ (=» horizontal thrust 
of nm), =■ M?AsB 6m?^ and material » 6^'xm. 

Adding these amounts, and repeating the first three, 
we have (i?^ + 4§i?)xm, equal to amount of action 
upon the arch when fully loaded. 




/ 9 t 

The stress of the chord obviously equals the horizon* 
tal thrust of ao, equal to 3m?-A., b 6m?^; and is the same 

throughout, when the truss is fully loaded throughout. 
Hence, for the whole chord, we have, stress =■ 6ic?^ 

multiplied by length (""7A), and w changed to m, 

» 42A-XM, representing the material required for the 

chord. 

The above are assumed, for the present, to be the 
greatest stresses that any part of the chord or arch can 



* By amoTint of action npon material, is meant the stress of a member 
multiplied by its length. 
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be subjected to, in any condition of the load ; w^ being 
the maximum weight for any one of the sustaining 
points, 6, Cy dy &c. This is a point we shall be better 
enabled to verify after considering the 



Stresses of Verticals akb Diaqonals. 

XXYIU, As the diagonals do not a^t under a full 
load of the truss, the verticals must each sustain a ten- 
sion equal to w^ when the weights are applied at the 
chord ; and, the diagonals acting by tension, serve, 
when in action, to diminish the tension of verticals, or 
to subject them to compression, but can never increase 
their action of tension. Hence, the maximum tension 
stress of each vertical equals w. 

In order to bring the diagonals into action, the trass 
must obviously b^ unequally loaded ; and, to determine 
the maximum stresses of the several diagonals respec^- 
tively, we may begin by removing the weight at^ ; (see 
Fig. 11 A), and, to facilitate the process, let «?''' represent 
w divided by the number of panels in the truss (=» 7 in 
this case), i. e., w" « ^w. Then, the full load of the 
truss bearing with a weight of 8m?, =21i^", at f, ... with 
load removed from g^ the bearing at t, equals iiw" — 
%w''y ar l^w" ; and produces a thrust upon ij equal to 

16u?"^5il±i5!. Then, taking Jy by any convenient scale, 

on y produced) to represent the thrust of y (reduced to 
w'' with a numerical coefficient, according to the pro- 
portions of the truss), and drawing qr parallel with fj^ 
and meeting jk produced in r, it is obvious that the 
three forces acting a(^', namely, the thrust of y andJA:, 
and the tension of j^, will be represented respectively 
by the sides of the triatigle jgr, parallel respectively 
with the directions of those forces ; and may be mea- 

5 
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sured by scale and di- 
viders, or calculated tri- 
gonoraetrically. 

Now, it will be seen 
thatthegreatertbepres- 
80 re at t, the greater 
the thrust of iL repre- 
sented hyjqj and conse- 
quently, the greater the 
line jr, representing the 
tension of fj. But the 
pressure at i, is mani- 
festly the greatest pos- 
sible in the case here 
supposed, except when 
the weight at ^ is wholly 
or partially restored, in 
which case the tension 
of J) would be wholly 
or partially relieved. 
Hence, it follows that 
the maximum stress of 
jQf, occurs when all the 
supporting points ex- 
cept g^ have their full 
load, and ihe pointy is 
without load. 

Taking, then, /? « 
gr, and drawing st par- 
allel with gf^ St will re- 
present the horizontal, 
And ft, the vertical effect 
(equal to Zv/') of the 
action of jj; ; the former 
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effect being, in addition to the tension of / f, resisted 
by the tension of tf^ while the latter is counteracted 
by the weight at /, and the tension of fk is thereby 
dimiuished, bat not exhaasted'*'. But if the weights 
were applied at the arch instead of the chord, then fk^ 
in this condition, would suffer compression represented 

XXIX. If the points g and/ be unloaded, the pres- 
sure at i is reduced to 10i(/', and the thrust of ij ■= 10m;" 

\/ A*+tt>* _ Then, taking jcf by the scale, to represent 

tBis quantity, and drawing j'r' parallel with jgf, j'r', 
compared with the same scale, will give the stress of 
^\ from which, as in the preceding case, we obtain 
p ( = 2u?"t)i to represent the vertical effect of the ac- 
tion of jQf ; and, there being no weight at /, this force 

* Since the yertical reach cX jjk is \ that of ijt &nd their vertical ac- 
tions (horiiontal thrust, aod horizontal reach being the same), as their 
respective vertical reaches, ^ib must react downwara at J, with \ of the 
Ming force exerted^by y. Then, if a weight be suspended at g^ by 
the vertical i^, equal to ^ of the weight bearing at i, tne forces acting 
at j, through ij^ jK ^^^ iu* c^re in equilibrio. But if the weight at g 
be less than ^ of the pressure at i, the tendency of the pointy' is u-pward, 
and exerts a lifting force upon fj,. But the action of fj, brings into 
play horizontal reaction Vnjk, equal to that of Jj, which gives j^ a de- 
praBsing action at J, equal to f of the lift of jjf. This depressing power 
tAjk, depends on forces acting directly or indirectly at k, and which 
go to make up part of the pressure at i. Hence, jik supports at the 
upper end, at Jb, first, f of tne weight bearing at t, in virtue of the 
horizontal thrust received through ij, and second, | of the other \ 
(When there is no weight at g\ in virtue of the Liorizontal thrust com- 
municated through j^. Now, g being alone unloaded, the bearing at 
t is 15u>', of whicn, Kho' is received through ^A, in virtue of horizontal 
thrust counteracted by %j. and J of the other 5i0', in virtue of horizontal 
thrust counteracted by^, in oonsttquence of the latter sustaining }of 
Sfldd 5e0'. Hence, jQf sustains ^ or \, while jk sustains |}, or | of all 
the weight bearing at i, when g alone is unloaded ; and Sir , therefore, 
is the maximum weight sustained by ^'. 

f Since J9 represents the action of (;, due to a pressure of 15u)' at %, 
vad jq', the action oft)', due to a pressure of lOto', it follows that 9'^ 
sK^ ; whence ^f^ obviously equals f qr, and/«' =-!/'• Consequently, 
ft' as Ift, But ft represents the lift oi JJ,ss 810', whence ft' repx^ 
sentsdto'. 
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is expended in causing compression upon fk ; and is 
the measure of the greatest compression that member 
can receive through jgf. But fk is also liable to com- 
pression, or a tendency thereto, from the tension off I 
when / and ^, are loaded, or g alone, and the other 
parts unloaded. This, however, in the former case, 
will never equal the weight at /, and in the latter, the 
compression will not exceed that just found, resulting 
from action of j^ ; as will be better understood here- 
after. 

Now, as Jr' represents the thrust of JA, if we take kOj 
on J A produced, equal tojr', — raise the vertical rx — 
fi'^ and join Ax, the line kx represents the resultant of 
the forces kv and ft (representing thrust of JA and /A) ; 
and xy, drawn parallel with Ae, represents the tension 
of ke \* This is the maximum stress of the diagonal ke. 

XXX. For, when the left half of the truss has more 
load than the left hand abutment is required by the 
statical law to sustain, it is clear that a part of the 
weight on the left, is transferred from left to right past 
the centre through dl\ that being the only member 
capable of effecting the transfer. It is also clear, that 
such transferred weight, together with the weight at «, 
if any, is sustained by Ik and eA, and causes pressure 
at 1, equal to the weight sustained by 2A and eA. Also, 
that this pressure at i, causes a horizontal thrust in ijy 
which is all transferred to Ik (except when kg is in ac- 
tion), and gives a lifting power to ZA, equal to } of that 
exerted by ij (the vertical reach of the former being \ 
that of the latter), that is, equal to } of the weight 

* The sides of the triangle hxy, heing parallel with the directioiis 
of the thrast of Ik^ the tension of ek, and the resultant kx, of the 
thrust of jk and fk, which 4 forces are in equilibrio at the point k. 
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transferred by Ik and ek together. Bat the lifting 
power of Ik is further increased by J of the weight sus- 
tained byj^y which increases the horizontal thrust of 
Iky the same as a like amount sustained by ij ; also, by 
I the weight sustained by ek; this member having 5 
times the vertical reach of Ik. Now, as each one of 
these items results from the weight transferred through 
Ik and ekf and is greater or less in proportion as the 
last named weight is greater or less (/and g being un- 
loaded), since all the conditions are the same, except 
as to amount of weight, it must follow that the greatest 
stress of eA:, is when/ and ^ are unloaded, and all the 
other points 6, c, &c., are fully loaded — unless it be 
when /and g^ or one of them, be wholly or partially 
loaded. But any weight at/, increases the thrust and 
lifting power of tt, through increased action of ij and 
jgf both, while it diminishes the amount sustained by 
ek and Ik^ whence the action of ekj is diminished, inas- 
much as it transfers to £, a less proportion of a less 
weight. 

Again, weight applied at^r, while/ is unloaded, re- 
lieves the tension of jO', and diminishes its lifting power 
represented hjft' and vXj and if of suflScient amount, 
relaxes j5, and brings tension upon gk; so that, when 
the weight at g equals w, or 7m?", Ik has a lifting power 
ss } pressure at f, less what is due to the horizontal pull 
ofgkj plus J amount due to horizontal pull of ek; while 
the weight bearing at A, equals 9w" (being weight at 
e (sa ^v/^ + 2w" through dt). Now if ek lifts as much 
as kg, Ik must have as great a horizontal thrust as ?}', 
and be capable of lifting J 16id" (= weight bearing at 
i), =»5 Jw?" ; which taken from 9w'' bearing at ft, leaves 
Slw'^ sustained by ek. Then it remains to be seen 
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whether gk sustains more than Z\v/\ so as to reduce 
the horizontal thrust of Ik below that of xj. 

With the truss fully loaded except at the point/, 9 
sustains vertical I j,16u?^^ whence jA:, having the same hori- 
zontal thrust Exerts a depressive forcea")16u7^',""10}u/', 
at J, leaving a balance of 5|U7'^ exerted by ^ toward 
lifting the ^w" at g. Hence, only l}u/^ remains as the 
weight sustained by gL Therefore, the horizontal pull 
oiek^ is not less than that otgk^ the horizontal thrust 
of Uc^ is not less than that of y^ and its lifting power, 
not less than b^vo'^ and ek does not lift more than Z\u>'\ 
nor as much as when / and g are without load, as de- 
termined by the process above explai&ed. 

XXXI. To determine the greatest stress to which 
c/Hs liable, let the weights at e^ftrndg be removed. 
Then the pressure at i, due to the weights at 6, e and 
d, equals 6m/', that is. In/' for weight at 6, 2m/' for that 
at (?, and 3m?" for that at d. We therefore take jg" on 
ij produced, to represent the thrust of jf, produced by 
6m?"— draw q'y parallel with j^, and from q'Y' find/i" 
(of course less than ftf), and having taken k}/ on jk 
produced, equal to jV, raise the perpendicular v'xf =■ 
ftf', and draw a;y parallel with ek. Then, «y repre- 
sents the tension of ek^ from which we find ea", repre- 
senting the vertical thrust of d at its maximum. Also 
k}/ represents the thrust of kl ; and, having taken Icf 
on kl produced, equal to A^, raise the vertical d'ef^ equal 
to ea" from «', draw eff^ parallel with dly and meeting 
Im (produced, if necessary), in/, and e'f represents the 
tension ofdL 

We have a short way of verifying the correctness or 
otherwise of the last result, since we know that, in the 
state of the load here assumed, 6m/', is tmnsferred from 



r 
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the left to the right of the ceutre, necessarily through 
the tension of dCy the only member capable of perform- 
ing that office. Hence the tension <»f dl in this case, 
can be neither more nor less than what is due to a lift- 
ing power equal to 6m?". Then, taking, rfc' on rfm, to 
represent 6«?", and drawing the horizontal c'6', we have 
db' to represent the tension of dl^ and, if e'f=»db'y the 
result is probably correct. We know, moreover, that 
6io" is the greatest weight ever transferred past the 
centre of the truss, the left hand side having the great- 
est possible load, and the right hand side, the least 
possible. Therefore, db' represent s the maximum 
stress for dL which is equal to 6m?"'^^!!_±_L 

XXXIL If the points b and c alone be loaded, we 
know that Zw" is transferred through dlj and there 
being no weight at d, this lifting force of dl^ must be 
sustained by the thrust of dm. Having then, found If^ 
representing thrust of mZ, by a process similar to that 
by which we obtained Ij' in the preceding case, that is, 
commencing with jq'^'j representing the thrust of ij 
under a weight equal to Sw'\ we take mg' — lf\* on Im 
produced, raise the vertical ff'i' equal to a line repre- 
senting 3m?", and draw |V parallel with cm, when we 

have i'f to represent the tension of cnu 

• 

XXXIIL Or, we may take okf on ao produced, to re- 
present the thrust of aOj due to the vertical pressure 
(=■ 11m?") at a, resulting from the weights at 6 and c, — 
draw the vertical kfl'y representing Iw^'j — weight at 6, 
and cutting on produced in m\ and I'mf represents the 
lifting force exerted by ftn; as is made obvious by 
forming the parallelogram l'n% upon the diagonal om\ 

*g^ i^ Bndy shown in Diagram B, to avoid complication 
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Take ho' = Vm\ and draw the horizontal c>p\ then hff 
represents the tension of 6n, and om\ the thrust of ctu 
Take w(7^,= om\ oh on produced, draw a 6^ = bp\ paral- 
lel with 6n, and, from 6^, let fall bfi^ representing the 
weight ( »=«7 w") at c, and the part below ?iw, represents 
the lift of c7n, whence we derive the tension of cm. 
The result should be the same as that obtained by the 
former operation. 

XXXIV. If the point b only, be loaded, we may 
take okf' to represents the thrust of ao resulting from a 
pressure of 6xo" at a, let fall hf'l" cutting on in m"y to 
represent the W at 6, and m"l" represents the vertical 
lift of bn. Make bo" = m'7", and draw the horizontal 
o'y, and we have bp" representing the tension of bn. 
This is the maximum stress of 6n, since 6/i, can only 
sustain the weight at 6, less the excess of lifting power 
of ao over the depressing power of ow, both having the 
same horizontal thrust; which excess is represented 
by k'm' and //'m", and is least when the weight bearing 
at a is least. But the bearing at a (and the lift of ao), 
can never be less than f of the weight at 6, and hf'm" 
etc., can never represent less than ^ weight at 6, or J 
of the lift of ao; whence m"l" etc., can never represent 
more than ^ weight at b ; consequently bn can never 
sustain a weight greater than bxjo" which is the amount 
represented by wf'l" when b is fully loaded, and the re- 
mainder of the truss without load. 

XXXV. With regard to cm, no simple and conclu- 
sive reason presents itself, why the result above ob- 
tained for the stress of that member when b and c alone 
are loaded, is the actual maximum. But, as the 
assumed condition is precisely analogous, as far as the 
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case permits, to the conditions under which all the 
other diagonals have been shown to suffer their maxi- 
mum stresses, it is reasonable to conclude from analogy, 
and the general nature of the case, that we have ob- 
tained the true maximum stress for cm. Should there 
be doubt whether some supposable distribution of load 
upon the truss, would not produce greater stress than 
that above shown for the member in question, it is 
presumed that such doubt would readily be set aside 
by an analysis similar to what has already been gone 
through with. 

Uprights, or Vertical Members. 

XXXVI. It has already been seen [xxviii], that the 
maximum tension of verticals equal Wj throughout. 
"We have also seeo [xxxiv], that the lift of 6/2, is always 
less than the weight at b ; consequently ob is never ex- 
posed to compression, unless the load be applied at the 
arch, which will seldom be found advisable. 

When cm exerts its maximum lift, the point c is 
loaded, and the lifting force of cm is all expended upon 
the weight at c. But when the point b alone is loaded, 
cm exerts a lift, which is the measure of the maximum 
compression of en, res'ulting^from tension of em, since 
aoy weight at the right hand of c, would bring more 
or less downward action at the point m, thereby reliev- 
ing some of the tension of cm^ and consequently,* 
diminishing its compressive action upon bn. The com- 
pression exerted u[v>n en by the tension of em, is found 
to be about equal to 2w'\ and very nearly the same as 
that exerted byjQf, and represented on the diagram by 
ft' [xxix], 2w'\ then, may be regarded as the maximum 
compression of en. 



' 
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The vertical dm, can never suflEer compresflion to ex- 
ceed 8 w'\ «■ greatest weight aastaiued by dl when d is 
without load ; and if (/ be loaded, so as to add to the 
lift of dly any weight at d, relieves dm of 4 pounds of 
compression, to every three pounds added to the lift 
of dlf so that 7w'' at d, while it increases the lift of dl 
from 8w'' to 6w'\ changes the action of dm^ from com- 
pression of 3m?", to tension of Iw". 

XXXVII. Having determined the maximum weights 
sustained by the several diagonals and verticals, we 
proceed to ascertain their respective stresses, and re- 
quired amounts of material ; as depending upon the 
length of each member, multiplied by its maximum 
stress. 

The greatest weight sustained by j^, as measured on 
the diagram, and verified by calculation, is equal to 
8w?", or ^w ; and the length being equal to y/'h*+^i^9 the 
stress equals j%/ A*4-K w^ and the required material 

equals (~^. ^^s^ v)i£. The 4 diagonals gk, eA, bn and nd^ 
sustain, each, a maximum weight of 5u/', [xxxiv], with 
length = %//?+||l?- Hence, stress equals | %/ A'-h H^' w?, 

and, material for each, = (|^+ Jf 1^)^ 

The four remaining diagonals sustain each a maxi- 

^ mum weight of 6u/\ «» fw, with length « y/W+W, 

giving stress equal to jy/ h* -h^ tc^ whence material 

equals (5^ + f^v) u. Then, multiplying the last two 

coef&cients of m by four, and the preceding one by two 
for the number of pieces in each class ; adding the 
products, and annexing the common factor M, we 
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obtain for the ten diagonals, on amount of material 
equal to (7.14^+5.626r)M, 

The aggregate length of verticals, equals HVy and 
their greatest tension stress equals w. Hence, 4.666(;,m 
represents the amount of tension material they re- 
quire. 

The two longest verticals sustain a maximum com- 
pression of 3w'' [xxxvi], or IJm?, with length « r. 
Hence material »0.857i?m. The two next in length 
sustain compressions^ u;, with aggregate length » l^Vj 
and require compression material » 0.476i?M, mak- 
ing the whole a<nount of required material, as repre- 
sented by the amount of action by compression on 
verticals^ 1.833m. 

We have, then, material for the whole truss, as re- 
presented by the amount of action^ as follows : 

Under Oompressian. 
Arch, [xxvii] (42^* + 4fi;)M 

Verticals, l^y)M 

Total, (42|' + 6t;)M 

Under Tension. 
Chord, [XXVII] (42^' m) 

Diagonals, '. (7.14^ + 6.626r)M 

Verticals, 4.666i?M 

Total, 49.14^'+ 10.292^;^M 

Making A » v «■ 1, these amounts become : 
Under Compression, 48m. Under Tension, 59.482m.'^ 

* The difference between this result, and t^iat g^ven in the sjnopfliB 
on page 20 of my oripfinal work, arises from the fact that one was 
based on a circular arch, and the fitresses takun from the diagram, and 
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XXXIII. The preceding results are based on the 
assumption [xxvii] that the maximum tension of the 
chord, and the maximum horizontal thrust of the arch 
in all parts, are equal to the horizontal thrust of the 
end sections of the arch when the truss is Aillj and 
uniformly loaded. Although this may seem self- 
evident, it may not be amiss to make particular men- 
tion of some of the conditions affecting the case, which 
may lead to a better understanding of the sulgect, if it 
fails to amount to an absolute demonstration. 

The arch and chord obviously act and react upon one 
another horizontally from end to end, and, as weight 
removed from any part of the lengtn, diminishes the 
amount of bearing at both ends, which bearing go* 
verns the stress at the ends, it follows that the ends, at 
least, of both arch and chord, have their greatest stresses 
under a full load of the truss. 

It is obvious, also, that no part of arch or chord can 
have greater stress than the ends, unless it be commu- 
nicated by the tension of diagonals. When the acting 
diagonals all incline one way, their united horizontal 
action only equals the difference between the horizon- 
tal thrust of the two end sections of the arch, and the 
action of chord and arch can no where be greater than 
at the end from which the acting diagonals incline. 

When acting diagonals incline inward from the ends, 
the intermediate portions of chord and arch are under 
less stress than the end portions, and consequently, 
less than they sustain under a full load of the truss. 
But when acting diagonals incline outward, toward the 

the other, on a parabolic arch, and stresses mostly calculated numeri- 
cally ; and, from the further fact that in one case, the wei^^ht was as- 
sumed to be applied at the arch, and in the other, at the chord ; the 
former producing more oompression, and the latter, more tension upon 
the upnghts. 
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endd of the truss, the intermediate portions of arch and 
chord are under horizontal stress greater than that of 
the end portions, by an amount equal to the aggregate 
horizontal action of all the acting diagonals inclining 
toward the respective ends. 

Now, as no more than two diagonals inclining toward 
the end bearing the greatest weight, can be in action 
at the same time, in a seven panel truss, the question re- 
solves itself into — whether two diagonals acting in one 
direction, can ever exert force enough to over balance 
the loss of action of the end section, resulting from di- 
minished bearing at the abutment, consequent upon 
the removal of load, on which removal, the action of 
diagonals depends ? 

As to that question, the removal of weight from the 
central portion of the truss, must bring into action in- 
wardly inclined diagonals, while removing weight from 
one end only, can bring ittto action no diagonals in- 
clined toward the full loaded end, whence the weight 
bearing at that end indicates the greatest stress of any 
part of chord and arch which, of course, is less than 
under the full load of the truss. 

There remains then, only the case of removal of load 
from both ends of the truss, which can produce any 
considerable action upon diagonals inclined outward, 
so as to give greater stress to the middle, than the end 
portions of the arch and chord. If the weights at 6 
and ^ be removed, the pressure at each abutment is 
diminished by J of the maximum, or, by 7w''; andjQf, 
sustaining only Zw'' at the maximum, and having the 
same inclination as y , its horizontal action could only 
balance the eflTect of 8u/' removed from y ; while ei, 
even if it sustained its greatest weight of 5w''j as it 
evidently does not, in this case, would only exert the 
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same horizontal action as \j would do under Su/^m 
Hence these two diagonals, under their maximum 
stresses, which neither snff*ers, in the present case, 
would only compensate f of the loss on stress of arch 
and chord, due to removal of weight from the truss. 

It may, therefore, be regarded as a matter of extreme 
probability, if not a rigidly demonstrated fact, that the 
arch and chord of an arch truss, undergo their maxi- 
mum stress in all parts, under the full uniform load of 
the truss. 

It is hoped and believed that the foregoing ilinstra 
tions of the manner of determining the strains of the 
several parts and members of an arch truss of seven 
panels, will be sufficient to enable the same to be done 
in the case of trusses of any desired number of panels. 



THE TRAPEZOpAL TRUSS. 

So dengnaUd/rom thejigure of iU outline. 

XXXIX This truss may be constructed with dia- 
gonals and verticals, as in Fig. 12, or without verticals, 
except at b and ^, as seen in Fig. 18. To explain the 
operation of these trusses, and determine the maximum, 
stresses of their various parts, we may use the same no- 
tation, generally, as heretofore ; that is, let h represent 
the horizontal, and v, the vertical reach of the diagonal 
or oblique members, and d, the length of diagonals. 
'AIso« let w represent the greatest movable load for a 
panel length, supposed to be concentrated at the nodes 
6, (?, d etc., of the lower chord ; and, let w>" be equal 
to w^ divided by the number of panels in the truss (7, 
in this case), ue., let w — 7v/\ 

Then, supposing the diagonals (Fig. 12), not includ- 
ing the king braces, ao and ij at the ends ; the verticals 
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06 and jg J and the lower chord, to act by tension ; and 
the upper chord, or boom, the king braces, and the 
four intermediate verticals, to act by thrust, or com- 
pression — if a weight (w) be applied at 6, it will ob- 
viously cause a downward action equal to v/' at t, and 
one equal to 6w" at a. 

Fig. 12. 
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"NoWj from what has already been seen, in the discus- 
sion in relation to Fig. 10, the weight acting at i, can 
only do so by acting successively, or simultaneously, 
upon bn^ and each diagonal parallel with bn on the right, 
by tension, and upon each compression upright and 
the king brace y, by thrust; causing upon each of 
these 10 members, a stress equal to w" upon verticals, 
and equal to w"^ upon obliques ; n representing the 

length of obliques, or diagonals. 

A weight {w) at c, in like manner, causes a pressure 
of 2u/^ at i, through cm, and other diagonals inclining 
to the right, on the right hand of c. Also, a pressure 
of biD^' at a. But co being the only member that can 
transfer weight from c to the left, and, co and bn be- 
ing antagonistic —-stress upon the one tending to relax 
the other, the result must be, that both can not act at 
the same time, from the effects of weight at b and e, 
and only that one can act, to which the greater weight 
is applied ; and that, only with the excess of weight 
acting upon it, over what is acting, or tending to act 
upon the other. Now, as the load at c, tends to throw 
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a weight of Sw*' apoD a>, while the load at b tends to 
throw luf' on An, the former tendency mnst prepon- 
derate — CO most sustain Au/\ while bn is relaxed, and 
the whole weight at 6, is sustained by the tension of 06. 
In reality then, em sastMns f of the weight at e, and 
none of that at 6. 

Still, the result is the same, as to pressure at a and 
ij the former point supporting 7uf' ,» the whole of the 
load at 6, plus 4uf' of that at' c, making lluf\ » pres- 
sure due at a, from the weights at b and c, while the 
point t supports Su/'y all out of the weight at c. Thus, 
em^ dl etc., sustain the same proportion of the aggre- 
gate weights at 6 and e^ as if each weight acted sepa- 
rately, and independently of the other. 

Again, applying a weight {w\ at dj 3ti/' tends to bear 
at ij and 4uf' at a, through dn and eo. But as we have 
Su/' tending to act on em^ as already seen, this is neu- 
tralized by the tendency to action upon dn^ and only a 
surplus of luf% really acts upon dn in this case, while 
the 6i£/', « pressure due at t, from the weights at 6, e 
and <f, is all made up out of the single weight at </, 
and the whole of the weights at b and e, together with 
lu/' from that at d^ comes to bear at a, giving a pressure 
of l&u/', at that point ; still the same as if each weight 
acted independently of the others. And, in general, 
each diagonal, at all times, sustains the preponderance 
of weight (ending to act upon it, over that which tends 
to act at the same time upon its antagonist. Hence^ 
the greatest weight sustained by any diagonal, is when 
all the weight tending to act upon it, is upon the truss, 
and none of the weight tending to produce action upon 
its antagonist, or counter. 

Thus, when b alone is loaded, lu?'' is sustained by 671, 
bat when any point on the right of b is loaded, there is 
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tendency to action by co, and the action of bn is de- 
Biroyed or diminished. Therefore lu?'' is the maximum 
weight sustained by bn. When 6 and c alone are 
loaded with the weight {w) at each, cm sustains Sw'\ 
as already seen, with no tendency to action in dn. 
But if rf, or any point on the right of c, be loaded, there 
is tendency to action in dn^ which must diminish or 
destroy the action of cm. Hence, cm sustains its max- 
imum weight (= 3m?"), when the points b and c alone 
are under their full load. And, it must be obvious 
that the maximum weight is sustained by each diagonal 
inclining to the right, when the point at its lower end, 
and all the nodes at the left are fully loaded, and all 
those at the right are without load. Hence we esta* 
blish the following easy and expeditious practical method 
of determining the maximum weights and stresses 
upon this class of members, in trusses with any number 
of panels. 

XL. Having made a rough diagram of the truss, as 
Fig. 12, for instance, place over the nodes o, n, m, ftc.^ 
the numbers 1, 2, 8, &c., high enough to admit of a sec- 
ond series under the iirst, formed by repeating the 1 
under itself, adding the 1 and 2 together and placing the 
sum (3), under the 2 in the upper series*. Then add 1, 
2 and 8, and place the sum (6) under 3, and so on, plac- 
ing under each figure of the upper series, the sum of 
that figure, and all those at the left, in said upper series. 

Then, it will be seen that each figure in the upper 
line, prefixed to w'\ shows the pressure caused at the 
right hand abutment, by the weight (u?) directly under 
the figure, e. ^., the upper figure 8 over d, indicates 
that 8w?" is the bearing at t, produced by the weight 
{w) at dy and so of the other figures in the upper line. 

7 
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In the mean time, the figures in the lower line, bLotv- 
the aecumnlation of the effects of the different weigh tB 
upon successive diagonals from left to riglit Th us, 
the figure 6 over the point d^ shows that dl sustains 
6w"y n pressure due at t, from weights {w) at 6, e and 
d, when those points only are loaded ; in which case, 
dl sustains its maximum weight, as before -seen. 

In like manner, the figures 10 & 15 over eand /, indi- 
cate that lOu?" and \bw"j are respectively the maxi- 
mum weights sustained by ek and fg^ while 21m7" («» 
Zw\ equals the maximum weight sustained by y, (by 
compression, of course), when the whole truss is loaded. 

XLL Having thus ascertained the greatest weights the 
several oblique members are liable to sustain (those 
inclining to the left being obviously exposed to the 
same sti*esses as those inclining to the right), we find 
their maximum stresses by rule 4, [xvi]; i. e., multiply 
the weight by the length, and divide by the vertical 
reach of the member. Thus, the ma ximum compres- 
eion of ^', equals 8ig^,«8ig ^/^"+ ^^ and the repre- 

sentative of required material, is (— + Zv) m. 
The maximum stress of ek equals lOw"^ « 

\^w V f^' + ^ and its representative for material .is 

t? 

(i I— + If r)M. Or, the lengths and inclinations being 
the same, we may take the aggregate maximum weights 
sustained by tension diagonals, reduced to terms of ?r, 
multiply by the square of the common length, divide 
by 17, and change w to M. The ten tension diagonals 
sustain maximum weights equal to w" multiplied by 
twice the sum of all the figures in the lower Hue over 
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the diagram, except the \Mt,msking.70w'\^10w, and 
require material ■■ (^0- + IQv) M. 

The tension verticals obAudjg^ sustain the weights {w) 
acting at b &udg when the trass is fully loaded, which is 
their maxiijium stress, and they require material for 
the two, ■■ 2vu. 

The thrust uprights d and fky receive and sustain 
the maximum sustained by (U and ek respectively, 
which are the measures of their respective stresses of 
compression, being 6w^' for e2, and lOw^^ for /A, and 
the same lor dm and en, making an aggregate weight 
of 4^Wj whence, their representative for material is 

4j}t7M. 

XLn. With regard to stress of the lower chord, the 
tension of ac equals the horizontal thrust of ao, and of 
course is greatest when ao sustains the greatest weight ; 
which is manifestly under the full load of the truss. The 
tension of cd equals the horizontal thrust of ao (through 
ac)j and the horizontal pull of oc ; and must be greatest 
when the combined action of ao and oc is greatest. ITow, 
although the weight borne by oc is greater by w'' when 
the point 6 is unloaded, than under the full load, on 
the other hand, the weight on ao is less by 6w^% so that 
the combined action of the two members, must be 
greatest when the truss is fully loaded ; since no other 
change can increase the action of either. 

Again, de sustaius the horizontal action of oo, oc and 
ndj when the truss is under a full load ; dl and em being 
inactive in that case, since the tendency to action is the 
same in each, whence neither can act Therefore nd 
sustains simply the weight (w) at ^; oo sustains the 
two weights at c and d^ » 2tr, while ao sustains the 
same, with the addition of the weight at 6, making 6w 
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sustained by the three members eontribating to the 
tension of de. Kow while the maximum weights sus- 
tained by oc and nrf, exceed by only 4ir," what they 
sustain under a fall load, neither can be brought under 
its maximum stress, without removal offload from b 
in one case, and from both b and c in the other, thereby 
diminishing the weight on aOy by 610" in one case, and 
by llio" in the other. Hence the stress of de is greatest 
under a full load of the truss, and as already seen, 
equals the horizontal action of weii>ht equaUo 6w upon 
oblique members of vertical reach equal to r, and hori- 
zontal reach equal to K The maximum stress of tfe, 

then, equals 6u?~, and that of cd equals the same, less 
the horizontal pull of drij due to the weight {w) at d^ 
and is therefore equal to 6m?-. 

We have for the lower chord, then, one section, de 
(with length equal to A), exposed to stress » 6w^ 

Two sections, cd and ef, with stress « Sw^ 

Four do., ac and >?, ■= 3m?-: 

whence, adding, multiplying by A, and changing w to 

M, we have to represent required material, 28— m. 

• 

XLin. It is scarcely necessary to state that the ob- 
lique members ao, and oc, exert at in the direction 
from to n, the same force that they exert in the oppo- 
site direction upon cd. In fact, the thrust of (m, and 
the tension of cdj simply act and react upon one ano- 
ther through the media of oo, ac and ac, whence the 
compression of on, must be just eqnalto the tension of 
cd; and furthermore, the thrust of nm is the indirect 
counteraction of the tension of de ; and, as the two 
forces are in opposite and parallel directions, they must 
be equal, being in equilibrio. Also, mlk must sustain 
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the same compression as nmj throughout, since the 
diagonals meeting the chord at m and 2, are inactive 
under the full load of the truss. Of course, kj is liable 
to the same maximum action as on. 

From what precedes, it cannot fail to be obvious 
that the maximum action of all parts of the upper chord 
occurs at the same time with that of the lower chord, 
namely, under the full load of the truss. We have 
then, two sections liable to a compression of 5wAy and 

three, liable to Gw-; whence the representative of 

required material, is 28— m. "We may now sum up 

the material for the truss, required to support the as- 
sumed movable load through all the changes liable to 
take place, as follows : 

Material under Compression. 
Chord, 1 (28^ XM 

Elng Braces, [xli] (6^+6i?)m 

Posts, [XLI] 44t;)M 

Total, (84^* + 104i?)M 



Under Tension. 



Chord,[xLn] (28^ x m 

Diagonals, [xli] » (10^+10i?)m 

Verticals, [xli] 2vu 

Total, (88^+ 12i?)M 

Making A « z? — 1, we have : 

Compression material, «■ 444m 

Tension material, »■ 50m 

For Arch Truss, Comp. Mat, [xxvii] »■ 48m 

" " Tension do., —59m 



66 Bridqe Builbiko. 

by teDsion upon em, while the weight ate tends to throw 
2w" upon it by thrust, as seen above. The result is, 
that em sustains 1m?" by tension, and cm, 1m?" by thrust, 
while cq sustains the whole weight at o, in addition to 
1m?" from e. 

Again, a weight (m?) at /, tends to throw 2m?" upon 
fly to act by tension ; but as^ is already occupied by 
4m?" acting by thrust, / is obliged to depend entirely 
upon fj ; at the same time turning back 2m?", and re- 
ducing the weight previously on If by that amount, or, 
to 2m?". 

In like manner, a weight applied at g^ tinds gk sus- 
taining Qw" by thrust, whereby it is prevented from 
pending 1m?" (due from it at a), to the left, through 
tension of^A:. Hence, the whole weight at ^is sustained 
by ig', and the weight acting on kg is reduced to 5m?". 

XLV. Thus we see that each diagonal (except oc and 
jjy excluded by hypothesis), is liable to compression 
from weights at certain points, and tension from 
weights at other points ; and, it is manifest that the 
greater stress of either kind, on each diagonal, is when 
all the weights are on the truss, which tend to produce 
upon it one kind of stress, and none of those which 
tend to produce the opposite stress. 

Hence, if we place the numbers 1, 2, 8, &c., over the 
diagram, as in case of Fig. 12. [xxxrx], it is clear that 
only alternate weights act upon the same system of 
diagonals; that only weights under the odd numbers 
1, 3 and 5 act upon diagonals meeting the lower chord 
at points under those numbers; and so of the weights 
under the even numbers 2, 4 and 6. We therefore 
form a second series of figures under the first, by placing 
under each odd number, the sum of that number and 
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all the preceding odd numbers, and under each even 
number, the sum of that and all preceding even num- 
bers. Then, the namber in the second line, is the co- 
efficient ofw^'j to express the maximum weight acting 
by tension upon the diagonal inclining to, the right, 
from the point under that number, and by thrust, upon 
the diagonal meeting the former at the upper chord. 

For instance, the figure 4 in the second line, over c/, 
shows that dl and If^ sustains 4iW'\ the former by ten- 
sion, and the latter by thrust. This is the weight 
which must bear at {, in consequence of the weights 
at b and c/, the only weights that can produce those 
specific actions upon those members. On the contrary, 
this action upon dl and If^ is only liable to diniinution 
from weight at /, which tends to throw 2m?" upon the 
left abutment through tension of fl and thrust of dl^ 
and consequently diminishes the action upon those 
members, due to weights at b and d. Therefore, 4m>" 
is the greatest weight sustained by dl and If^ and 2?(?", 
the weight sustained by them when the points 6, d^ and 
/are loaded, whether the other nodes are loaded or 
not. There is, however, an alternative in this case, 
which will be noticed hereafter. 

The figure 1 over 6, indicates that bn sustains Iw'^ 
by tension, and nd the same by thrust, which action is 
reversed by weights at d and /, which tend to throw 
6w'' upon these members, namely, 4k7", from c2, and 
2w'' from /. Hence, bn is liable to 1m?" by tension, and 
6m;" by thrust, the latter, when dand/ are loaded, 
and b unloaded; and to 5m7" (acting by thrust), when 
all the three points are loaded. 

Then, if we form a third series of numbers under 
the second, by reversing the order of the second, the 
one series shows the tension, and the other the thrust 

8 
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to which a member is liable. But as thrast action is 
not received by any diagonal directly from the weight 
producing it, bat from a tension diagonal meeting it at 
the apper chord, we do not learn the thrust of a dia* 
gonal from the figure over it, at either end, but from 
the figure over the foot of the diagonal by which the 
compression is communicated. 

Having arranged the diagram as above explained, 
we form from it a table of greatest weights sustained by 
the several diagonals, and stresses produced thereby, 
both of tension and thrust, remembering that tensioa 
weights are shown by one series of figures and thrast 
weights, by the reversed series. 



Diagonals, 


CompreMion. 
WUghtt. Btrtutt. 


Tension, 
Wdffhti. Siresftt. 


Under full load, 

wa^his. 
Thb. Tte. 


bn and kg^ 


6w" 


6u/'? 


Iw" 


lie"? 


Sw" 


cm and If^ 


4" 


4w"? 

V 


2 « 




2w" 


dl and me^ 


2" 


2w"? 

V 


4 " 


4w"? 

« 


2a/' 


ek and drtj 


1" 


la?"? 

J) 


« " 


6io"? 


6 « 


j5 and cOy 





k 


9 " 




9 « 


^ 


18 


22 





Adding and doubling the several weights, we deduce 
the representatives of material. 
Under Compression, (S^- + Siv)u 

Under Tension, (6f?* + 6ft7)M 

The 2 verticals sustain each 12w", giving 8f W 

The king braces ao and y, sustain Sw each, 

requiring material for the two ■= (6^ + 6v)U 

XLVL The stress of chords is, as in case of Fig. 12, 
due to action of obliques, and may be fairly assumed 
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to be greatest under a fall uniform load of the truss. 
The brace ao has a horizontal thrust » 21w"K » ten- 

Bion.of ab. The thrust of bn (under the full load), adds 
6a?"- at 6, making 26u?'- « tension of be. This is in- 
creased by 9m?"— for tension of oc, and by 2w"^ for 
thrust of cm, making 87!^'^- for tension oicd ; and, add- 
ing Sw"— for tension of dn^ and subtracting 2u/'— for 

tension of cU in the opposite direction, we have 40u;"— 
■■ tension of de, . 
We have then, 1 section sustaining 40u7' -=40!(/'- 

2 " * ** 87 " 74 "* 
2 " " 26 « 52 " 

2 " " 21 " 42 ** 

Making a total stre8S"«208M;'-s«29ijM?-actingupoij sec- 
tions of a common length equal to A, and therefore, 
requiring material represented by 29^-m. 

Upon the upper chord, we have the horizontal action 
ij andj^, producing compression equal to SOw"^ upon 

jk. Add for horizontal action of ek and kg^ lOw- 

making 402(7 - »stres8 of kl. Again, add ^w" for 

horizontal action of If and Idy and we have 44^7^- ^ 
thrust of Im. 
Thus, we have for the whole upper chord, 184w- 

» aggregate stress upon sections of the common length 
equal to k Hence, representative for material »■ 
26f?M. 
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Aggregate for whole Truss. 



Ifaterial under Compreman, 

Chord, (26?^XM 

, Diagonals, ... (8||V8fi?)M 
End braces,... (6-+6i?)m 



Total, (86-+9|i?)M 



Under Tension, 



Chord, (294~-XM 

Diagonals,... (6f~ + 6f i?)m 



Verticals,. 



Sft'M 



Total, (86^ + 9fMi?) 



Making A ta t? « l, Comp. 45.714m. Ten. =» 45.714m. 
Grand total, 91.428m. 

"We have here a little over 8 per cent lees action upon 
material, than in case of truss Fig. 12, with verticals. 
The difference is a little less than was shown in my 
original analysis, that being based on trusses loaded 
at the upper, and this, at the lower chord ; the former 
giving a trifle more action for the truss with verticals, 
and a trifle less for the other. 

Moreover, the difference was made to show greater 
still, by assuming that deductions might be mad.e on 
account of certain diagonals being liable to two kinds 
of action. !^or instance, it was supposed that a mem- 
ber formed to sustain a considerable tension stress, 
might also sustain a small compressive force without 
additional material (not at the same time, of course), 
which is undoubtedly the case, on certain occasions ; 
especially in the use of wooden trusses. This would 
give still greater apparent advantage to truss 13, with 
regard to economy of material. 



XLVIL There is, however, another view as to the 
action of load upon truss Fig. 18, which may modify 
the results above shown to a small extent. 
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If we strike out the diagonals cm and mCy and also 
^/ and Ify all the determinate forces necessary to sustain 
uniform weights at the nodes of the lower chord, 
would be exerted by remaining members, although we 
have assigned to th^e members, each, the sustaining 
of weight equal to 2w" under the full load, and twice 
that weight under certain conditions of partial load ; 
and it is quite certain that they are necessary to the 
stability of the truss when partially loaded. But with 
both halves loaded uniformly, the weight upon each 
half could be transferred to the nearest abutment, pro- 
ducing equal thrust in both directions upon the central 
portion of the upper, and equal tension in opposite di- 
rections upon the lower chord ; whereas, with one-half 
loaded^ there is no means b^ which the pressure due 
at the farther abutment could be transferred past the 
centre, without oblique members in the centre panel. 
Still, which mode of action takes place under the uni- 
form load, when the diagonals are in place, is a matter 
involved in a degree of uncertainty. If the centre dia- 
gonals do not act, under the uniform load, then ek and 
jj must sustain each 7w/', instead of 6m?'' for the former, 
and 9w" for the latter, as above estimated. Also, kg 
would sustain 7m?" by thrust, and different results 
would be produced as to stresses of various parts of 
upper and lower chords. 

The maximum stress iovek and dn^ and for nh kg^ would 

be 7m7"5 instead of 6m7"?, as found above, and would 

occur under the full, instead of the partial load. The 
tension of ^* and o6, also, would be increased to l^w". 
The weight sustained by j^, would be only 7m7'' under 
the full load, though liable to the same maximum 
weight of 9v/'y under a partial load. 
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For the lower chord, we should have the same co- 
efficient, (21) of t£?~ to express the tension of ab and £7, 
28 for bCj 85 (a decrease), for cd^ and 42 for de. 

For upper chord, the co-efficients of w;"^ would he 

28 for on and kjj and 42 for the three middle sections; 
no action being imparted by diagonals at m and L 

XLVIIL This uncertainty of action has no place in 
trasses of an even number of panels, as in such cases, 
no transfer of the action of weight can be supposed to 
take place past the centre, under a uniform load, with- 
out involving the absurdity of supposing the same 
member to carry weight by tension and compression 
at the same time ; except, however, that in case of 
diagonals crossing two panels, or having a horizontal 
reach equal to twice the space between nodes of the 
chords, there will be. diagonals filling the same condi- 
tion of crossing in the centre of the truss, both vertically 
and longitudinally, as in Fig. 18. 

We may obviate mostly, any mischief liable to result 
in cases of the kind under consideration, by estimating 
the stresses upon the several parts under both hypo- 
theses, and taking for each member the highest estimate, 
which will mosilt/ meet all contingencies. Estimating 
action upon truss 18 in this manner, we obtain the 
following representative expressions for material : 



Compression. 

Chord, 26j^XM 

Diagonals, (4^+4t?M 

End braces,.... 6^*+6v)m 



Total, (86f^ + 10»)M 



Tension. 
Chord, 80 ^x m 

Diagonals,... (^+64»)m 
Verticals, AvV- 



Total, (87 yj 10^»)M 



^ 
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Making h^v^l. These ex^^ressions give, Compres- 
sion material «■ 46.855m + Tension do, 47.714m «■ total 
94,57lM. 

This shows an aggregate amoarit of compression and 
tension action, identical with that of truss Fig. 12, 

[XLHI.] 

Decussation and Non-decussation. 

XLIX. The elasticity of materials afibrds a means 
of answering the question as to decussation of forces 
through diagonals crossing in the centre of the truss, 
vertically and longitudinally (as in Fig. 18), in specific 
cases. But the results will vary in trusses of different 
numbers of panels, and diflerent inclinations of diago- 
nals. 

Suppose the truss Fig. 13 to be so proportioned that 
the maximum stresses of the several parts and members, 
will produce change of length equal to E, multiplied 
by the lengths of parts respectively ; the vertical oi, 
»■ r, being the unit of length. Then, the truss being 
uniformly and fully loaded, aud the chords being under 
their maximum stress, the upper chord is contracted, 
and the lower one extended at a uniform degree ; and, 
if the diagonals be unchanged in length, their vertical 
and horizontal reaches have not been changed by the 
change in length of chords. Hence, the distance be- 
tween chords is not altered by change in their length. 
But the diagonals being under stress, by which some 
are extended and others contracted, according to the 
stress they are under, as compared with their maximum 
stresses respectively, the nodes of the chords are al- 
lowed to settle to positions below what they are brought 
to by the mere change in lengths of chords. 
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Ilence, the panels are (generally) thrown into more 
or less obliquity of form, in conaeqnence of inequality 
in length of diagonals in the same panel. Bat the 
centre panel can not assume obliquity, because any 
tendency of forces to change the length of one dia* 
gonal, is attended by a like tendency of equal forces to 
produce exactly the same change in the other ; so that 
the vertical reaches of both must suffer the same change, 
if any, and both must be under tension or compression, 
according as the acting forces tend to bring the chords 
at the centre, nigher together or farther apart. 

Now, the forces produced by the load being all con- 
centrated at the points o andj (Fig. 13), the point d is 
depressed with respect to o, by the extension of ob and 
ndy and by the compression of bn. Hence, assuming 
decussation to have place, givingtension to the diagonals 
dl and me^ equal to what is due to a weight of 2u/\ ob is 
under maximum tension and gives depression equal toE, 
to the point 6, — bn and 7id are under { maximum stress, 
and give depression, . each equal to |»Exd**b 
(1.666A' + 1.666) E, for the two (d representing length 
of diagonals, = v'A* + 1) . Then, adding IE for effect 
of oby we obtain (1.666A* + 2.666) E, — depression of 
point d. 

The point m is depressed by extension of oe under a 
maximum stress, giving an amount equal to n'E » 
{h* + 1) E. Also, by compression of cm under one-half 
maximum stress, to the extent of {^h* + |) E. Hence, 
depression of point m =» (1 JA' + 1 J) E. 

This shows the point d to be depresseo more than 
m,by(1.666A« + 2.666) E — (1.5A* + 1.5)E -(0.166A« + 

* Let the diagonals bd and Bd, of two rectangular panels ac and Ac, 
Fig. 14 (c and d, being fixed points), be exposed to tension in propor- 
tion to tlieir respective cross-sections, reoeiving each thereby, extension 
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1.166) E, and the spaces mi and U to be increased to 
that extent; of course prodacin^ tension upon 6?/ and me. 

Kow, by hypothesis, these diagonals are under the 
weight of 2w'\ giving half maximum stress, and requir- 
ing an increase of vertical reach, equal to {\h? + ^) E. 
If then, we give such *a value to A, as will make the 
last co-efficient of e equal to the one above, it will 
show that the chords have receded just enough to give 
the assumed tension to dl and me^ and the decussation 
is a demonstrated fact. To find the value of A, pro- 
ducing this result, make,.5A* + .6 « .166A* + 1,166, and 
we deduce .333A' — .666 ; whence h ■= v/2. 

But this requires too great an inclination of diagonals, 
and a less value of A, gives a space from d \o m too 
great for the supposed tension of dl and me. Making 
A SB 1 B i;, we have increase of distance from diom^ 
1.833E, requiring a weight of 2.666m;", to stretch dl 
down to the point d. But as no weight or stress can 
be added to the 2.w" assigned to dl and me^ without af- 
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equal to b^e and B^E, respectively. This will caose the points b and 
B to drop to V and W^ in ab and' AB produced. Join b e and BE. 

Tben, the infinitesimal triangles bb^e and 
BB'E, right-anffled at e and £, are essentially 
i^milar, respectively to the triangles db a and 
dB A. Hence, the following relations : 

(1). bb' : b'e : : bd : ab, and 

(2). BB^ : B'B : : Bd : ab. 
whence, bb^ X ab =a Ve X bd, and 

BB'Xab-B'BXBd, 
From these two equations we derive — . 

(8). bb/Xab:BB'X»b::VeXM: 
B^E X Bd. 

But, by the law of elastidty 

(4). Ve : B^B : : bd : Bd; whence, 

(5). Ve X bd : B^E X Bd : : bd» : Bd». 

Hence dividing the first ratio of proportion (8) by ab, and substitu- 
ting for the last ratio of (3), its equivalent foond in (5), we have. 

(«), bb' : BB' : : bd« : Bd». 




Hence the depression due to the extension of a diagonal retaining 
the same vertical reach, is as the stress (per square inch), sustained, 
multiplied 1^ the square of the length of diagonal. 

9 
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fecting all the 5 members contributing to the depression 
of the points d and m, and in all cases, so as to dimin- 
ish the elongation of distance between d and m^ it is 
reasonable to conclude that by assigning some J, or 
tbereabouts, of the extra weight of .666m7" required on 
dl aloue, it would, by affecting the whole 5 memberts, 
be sufficient to correct the error. Let us, then, assume 
that dl and me sustain 2.1bw'\ instead of 2u/' as by pre* 
vious supposition. This change requires reduction of 
weight upon rfn, nb and 6o, from bw'' to 4.85u7" for the 
two former, and from 12m?" to 11.85w" for bo. Also 
an increase of weight on mc and co, to 2.1bw" on mc, 

11 85 

and to 9.16m?" on co. Then bo sustains -tk-oT the 
maximum, and gives depression ""-r^E = .9875E 

4 85 

bn and nd^ sustaining -^ of the maximum, give de- 
pression for the two, equal to 8.233E, making 4.2205E 
■■ whole depression of point d. 
With regard to the point m, we have the maximum 

2 15 

stress on oc, giving depression equal to 2E, and ^- of 

the maximum on mc, giving depression ■= 1.075E, 
making a total of 3.075E for the point m. Hence, the 
elongation of the space rfm, equals (4.2205 — S.075) E, 
=s 1.145E, whereas 2.15u7" upon ett, increases its vertical 
reach by only 1.075E. This shows that (/^sustains still 
a little more than 2.15w^'. On the other hand if we 
assume a weight of 2.2m7" on dlj we obtain the opposite 
result, showing that dl sustains less than 2.2w'\ and 
hence the actual amount must be between 2.15i£^'' and 
2.2w?". 

We conclude then, that dl and me are not inactive 
under the full load of the truss, but on the contrary, 
they sustain, in this case, even more than the decussa- 
tion theory assigns to them. We learn, moreover, that 
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the qaestioQ is affected by the horizontal reach of the 
diagonal, or the value of A. And, since in this caae, 
the point <2 being depressed by action upon 8 members, 
and the point m by action upon only 2, we have an elon- 
^tion of space between d and/T? requiring more than the 
theoretical stress upon centre diagonals, it is natural to 
conclude, that, in case of a greater number of panels, 
nine, for instance, where 4 members contribute to the 
depression of the upper, and only three to that of the lower 
chord at the centre, the increase of distance between 
chords, would be less than that required to give the theo- 
retical stress upon diagonals in the centre panel ; and, 
Buch is found to be the case. In a nine panel truss on the 
plan of Fig. 18, the increase of distance between chords, 
due to the stresses assigned by the decussation theory, is 
only about one-third of what would be required to 
gi^ the centre diagonals the stress assigned them. 
Hence in this case there is less decussation than the 
theory requires ; and, one or two trials, by assigning 
different weights as sustained by centre diagonals, in 
the manner pointed out above, would enable a near 
approxi nation to the actual amount of decussation to 
be arrived at, in the case of the nine panel truss; or 
any other. 

. Let us take one more view of this matter, by assum* 
ing no action by centre diagonals, under the full load. 
Then cm (Fig. 18), is also out of action, and oc alone, 
under } maximum stress, contributes to the depression 
of point m, giving depression equal to 2xjE, ==■ 1.55E, 
(assuming h «■ v). 

The point d is depressed by the maximum change of 
two obliques, and one vertical, giving depression » 5E. 
Therefore the distance mrf, is increased by (5 — 1.55) E, 
» 8.45 E. Hence dl and me must be elongated by 1.725 
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times the amount dae to the maximnm stress, in order 
toescape action. Suppose the member to be of wrought 
iron, proportioned to a maximum stress of 10,0009> to 
the square inch. Then, the extension due to 172509) 
to the inch, is about 5,VWhr ^ length — .00069 X 
length, and if length — 15 feet, the extension is equal 
to .00069x15, — .01035 ft. or, say i inch. 

Hence, in a 7 panel truss, as represented in Fig. 13, 
with A a v, if the diagonals in the middle panel be 
slack, by | inch in 15 feet of length, no decussation 
will take place, and the centre diagonals will be inactive, 
under the full load of the truss. If those members have 
less than that degree of slackness, they will be in action 
in such circumstances. 

It would be a very badly a^usted piece of work in 
which such a degree of slackness should occur, and we 
may fairly conclude, that the centre diagonals, in^is 
class of trussee, are never entirely inactive. 

But the quantity E, is so very small, with any kind 
of material, and with any co-efficient that may affect 
it, in practice, that a slight inaccuracy of adjust- 
ment, may so change the practical form the theoretical 
results deduced by calculation, as to decussation, as to 
render the latter of no great practical reliability. 
Hence, after all, perhaps the most unexceptionable 
course, in this regard is, to follow the rule given before 
[xLViii], of estimating stresses on both hypotheses, 
and taking the highest estimate for each part. 

Now, perhaps, this subject has been discussed at 
greater length than its practical importance demanded, 
considering the small percentage of error liable to oc- 
cur in any case ; but with regard to this, as well as to 
other matters, it is well to know, what may be known 
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ni^ithout inconvenient or unreasonable effort at investi- 
gation. 

The Warren Girder. 

L. There is another form of truss operating upon 
the same principle as truss Fig. 18, in which one set 
of oblique members is left out, so that only one diago- 
nal remains to each panel. The diagonals meet and 
connect with one another and with the chords, foftning 
alternate nodes at the upper and lower chords. This 
truss, represented in Fig. 16, requires an even number 
of panels that the two half-trusses may be symmetrical. 

This is an extension of truss Fig. 5, with tension 
verticals for suspending floor beams from the upper 
nodes, when the travel-way is along the lower chord, 
and thrust verticals ascending from the lower nodes, 
in the case of what are technically called deck-bridges.* 

We compute the stresses of the members of this 
truss, by placing the figures 1, 2, 8, etc., over the 
diagram as in preceding cases, and from a second line 
or series of figures, by adding all those in the first 
series, as in case of truss Fig. 12, because each weight 
tends to act upon every diagonal. Each figure in the 
second line, is the co-efficient of w^' in the expression 
of the greatest weight transferred to the right hand 
abutment, through the diagonal crossing the panel 
next on the right hand of the figure ; and the action is 
tension or thrust, according as the diagonal ascends or 
descends toward the right Thus, the Fig. 6 over o, 
indicates that 6i^'' is the greatest weight acting by thrust 
upon oe, while 10 over the point e, indicates IOk;'' as the 
maximum weight acting by tension upon em. These 

*Tlie author built several small bridges upou this plan, to cany a 
rail road track over common highways, in 1849 or 1850, believed to 
have been the first application of this form of tru8;s. 
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figures only indicate weight transferred from left to 
right^ and it is evident that the same weights in a re- 
versed order, are transferred from right to left, through 
the same diagonals. Hence, a third series of figures 
under the second, composed of the same figures in a 
reversed order, shows the weights carried hy the seve- 
ral diagonals from right to left. The figures in the 
third^ine, show the weights acting on diagonals next 
on the left of respective figures. It will he seen also, 
that the figures under odd. numbers of the upper line, 

FiQ. 16. 
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indicate weights acting by thrust, and those under even 
numbers, by tension. The figures 6 and 15 over o, in«- 
dicate Qw^' acting on 0€, and 152^^ on oc, both by 
thrust. Again 8 and 21 under 2, indicate 3u/' acting 
on (^o, and ilv^' upon cq^ both by tension. The figure 
28 at the right and left, under 1 and 7, indicate 28i^' 
acting by thrust upon aq and jk. 

Kow if we add all the figures in the second and third 
lines standing under odd numbers of the upper line, 
we obtain the co-efficient ofvj^' for the aggregate maxi- 
mum weights acting by thrust upon oblique members, 
while the sum of all the figures in like manner, under 
even numbers, forms the co-efficient of w'* for the ag- 
gregate maximum weights acting by tension upon ob- 
liques. The former gives 100m?", ■■12.5m? for compres- 
sion, and the latter, 68M/',^^8.5zr, for tension. Ilence, 
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making h^v«»lj we have as expressions for amount of 
thrust and tension action upon material in oblique mem- 
bers, 25m for thrust and 17m for tension. 

One half of the lower chord obviously sustains a 
stress of 2821?^^ equal to horizontal thrust of the end 
braces, and the other half, 60i^",=» horizontal action of 
aq^ qc and co (under full uniform load), at one end, and 
of corresponding diagonals at the other end, giving re- 
quired material for chord equal to 44m. 

The compression of the upper chord, equals the hori- 
aontal thrust and pull of o^ and qc^'^^ i8w'\ for J of its 
length, with the addition of 12w'' for horizontal thrust 
of CO, and 4m?'' for pull of oe, making 64a;" tor the two 
middle panels, lleuce expression for material is 40m. 
The verticals obviously require tension material equal 
to 4m, and the aggregate for the truss, is. 

For Compressian. For Te^ision, 

Chord, 40m Chord, 44m 

Obliques, 25m Diagonals, 17m 

Verticals, 4m 



Total, 65m Total, 65m 

A corresponding truss with 2 diagonals in each 
panel, on the plan of Fig. 18, shows the same expres- 
sions for materials, or amount of action of both kinds, 
item for item, and any advantage possessed by either 
plan, must depend essentially upon the more advan- 
tageous action of compression material. 

Truss Fig. 15, has fewer intermediate thrust diagonals, 
and greater concentration of weight upon them ; which 
is favorable ; while in the other, the diagonals crossing 
one another, are enabled to afford mutual support 
laterally, in certain modes of construction. 
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The upper chord iu Fig. 15, acts at a decided disad- 
vantage, in having no vertical support for a length of 
2 panel widths, unless it be especially provided at ad- 
ditional expense. As a deck bridge, with struts, or 
posts at p, n, Ij and lateral tying and bracing, the truss 
may answer an excellent purpose. But even in that 
case, it can scarcely be considered as preferable to the 
truss with a double system of diagonals. 

The Ohio river bridge at Louisville, Ky., has its long 
spans (about 400 ft), constructed upon the plan of Fig. 
15, and no plan which we have considered, shows a 
less amount of action upon material. These are believed 
to be the longest spans of lYiiss Bridging in the country. 

An eight-panel truss upou the plan of Fig. 12, gives 
the following expressions for amount of material. 

Gompressum. Tension, 

Chord, 48m Chord, 41m 

Ends, .14m Diagonals, 28m 

Verticals, 7m Verticals, 2m 

64m 71m 

This indicates a difference of nearly 4 per cent, as 
to amount of action upon material, in favor of the truss 
without vertical members, generally speaking ; i. e. in 
which there is no regular transfer of action from one to 
another, between diagonal and vertical members, as in 
truss Fig. 12. 

Tliis advantage is made still larger in certain modes 
of construction, by the circumstance that the same 
members, in trusses 18 and 15, may sometimes act by 
tension and thrust, on different occasions, without any 
more material than would be required to act in one 
direction only. 
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LI. It may be proper in this place, to refer to Btill 
another form of trussing, which has enjoyed a degree 
of popular favor, aud which differs somewhat from 
any we have hitherto considered. The plan is seen in 
outline, in Fig. 16. Each weight is sustained primarily 
by a pair of equally inclined tension members, and 
thereby transferred either to the king posts standing 
upon the abutments, or, to posts sustained by other 
pairs of equally inclined suspension rods of greater 
horizontal reach; which in turn, transfer a part to 
king posts, and another part to a post sustained by 
obliques of still greater reach, until finally, the whole 
remaining weight is brought to bear upon the abut- 
ments by a single pair of obliques, reaching from the 
centre to each abutment. 

Fig. 16. 
The Finck Truss. 




In Fig. 16, are represented three diflferent lengths of 
obliques, in number, inversely as the respective hori- 
zontal reaches. The first set contains 8 pieces reaching 
horizontally across one panel, and sustaining each ^w. 
The next longer set, of four pieces, reach across two 
panels, and sustain eachlw?; one-half applied directly, 
and the other, through posts and short diagonals. The 
third and longest set, contains but two pieces, reach 
across four panels, and sustain together 4w?; of which Iw 
is applied directly, Iw through two short diagonals^ 
and 2w through two intermediates. 

Now, as each set sustains the same aggregate 
weight, namely 4m7, the material in each set, vrill 

10 
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be represented by this weight multiplied by the 
square of the lengths respectively, and divided by r : 
and, making A: — v — 1, the squares of respective 
lengths are 2, 5 and 17, which added together and mol^ 
tiplied by 42^^, and w changed to m, gives 96m— amount 
of material in tension obliques, the only tension mem- 
bers in the truss. 

The upper chord sustains compression equal to the 
horizontal pull of one oblique member of each claas^ 
obviously equal to lO^U', with length — 8. Hence, re- 
quired material equals 84m. End posts sustain to 
gether, 7u', centre post 8Wy and the two at the quarters, 
one w each, in all 12u7, and the representative for mate- 
rial is 12m ; whence the total for thrust material is 96My 
making a grand total of thrust and tension material— 
192m. 

The 8 panels trapezoid with verticals, requires,... 1S5m 
Do " " without verticals, 180m 

This comparison exhibits an amount of action in 
case of the first (Fig. 16), which, considering that it 
possesses no apparent advantage as to the efficient 
working of compression material, would seem to ex- 
clude it, practically, from the list of available plans of 
construction. 

Distinctive Characteristics of the Arch. 

LII. We have seen that all heavy bodies near the 
earth's surface (except when falling by gravity or 
ascending by previous impulse), exert a pressure upon 
the earth equal to their respective weights. We have 
also seen that the object of a bridge, in general, is, to 
sustain bodies over void spaces, by transferring the 
pressure exerted by them upon the earth, from the 
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points immediately bepeath them, to points at greater 
^or less horizontal distances therefrom. 

We have, moreover, seen that this horizontal trans- 
fer of pressure can only be eifected by oblique forces 
(neither exactly horizontal nor exactly vertical), and 
have discussed and compared, in a general way, various 
combinations of members, capable of effecting this 
horizontal transfer of pressure. 

But, without going into unnecessary recapitulation, 
we find two or three styles of trussing, possessing more 
or less distinctive features, which promise decidedly 
more economical and satisfactory results than any 
others ; and, to make the properties and principles of 
action of the best and most promising plans as tho- 
roughly understood as may be within the proposed limits 
of this work, will form a prominent object in the discus- 
sions of succeeding pages. 

The distinctive feature of the arch, as a sustaining 
structure, consists in the iact that all the oblique action 
required to sustain a uniformly distributed load, is ex- 
erted by a single member of constantly varying ob- 
liquity from centre to ends ; each section sustaining 
all the weight between itself and the centre, or crown 
of the arch, and none of the weight from the section 
to the end ; so that the weight sustained at any point, 
is as the horizontal distance of that point from the 
centre. Consequently (the arch being supposed in 
equilibrio under a uniform horizontal load), the hori- 
zontal thrust at all points must be the same, and the 
inclination of the tangent at any point should be such 
that the square of the sine, divided by the cosine of in- 
clination (from the vertical), may give a constant quo- 
tient. For, regarding each indefinitely short section 
of the arch as a brace coinciding with the tangent at 
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the point of contact, its horizontal thrust equals the 
weight sustained, multiplied by the horizontal, and di« 
vided by the vertical reach of the brace. But th9 
horizontal and vertical reaches are respectively as the 
sine and cosine of the angle made by the tangent with 
the vertical ; that is, as ab and bdj Fig. 17, while the 

weight is also as the sine a6, 
Fia. 17. of the angle adb. Hence, the 

weight by the horizontal 
reach, is as ai^j or as the square 
of the sine of adb ; and the 
constant horizontal thrust of 
the arch at all points, is as 

Now this condition is answered by the parabola, in 

which bc^cd^^bd, and^ — J^—constant C, whence 

ab^^cb X constant 2(7, which is the equation of the 
parabola. 

This quality of the arch truss, allowing nearly all of 
the compressive action to be concentrated upon almost 
the least possible length, and consequently, enabling 
the thrust material to work at better advantage than 
in plans where this action is more distributed, and acts 
upon a greater number and length of thrust members, 
enables it to maintain a more successful competition 
with other plans than we might be led to expect, in 
view of the greater amount of action upon materials 
in the arch truss, than what is shown in trusses with 
parallel chords. Hence, we should not too hastily 
come to a conclusion unfavorable to the arch truss, on 
account of the apparent disadvantage it labors under, 
as to amount of action upon material. These apparent 
disadvantages are frequently overbalanced by advan- 
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tages of a practical character, which can not readily be 
reduced to measurement and calculation. 

The preceding general comparisons are to be regarded 
only as approximations, and should not be taken as 
conclusive evidence of the superiority or otherwise, of 
any plan, except in case of very considerable difterence 
iu amount of action, with little or no probable advan- 
tage in regard to efficient action of material. 
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EFFECTS OF WEIGHT OF STRUCTURE. 

LUL In preceding analyses, and estimates of 
stresses upon the various members in bridge trusses, 
regard has only been had to the eiSects of movable load, 
which may be placed upon, or removed from the struct- 
ure, producing more or less varying strains upon its 
several parts. 

But the materials composing the structure, evidently 
act in a similar manner with the movable load, in pro- 
ducing stress upon its members ; the only difference 
being, that the weight of structure is constant, always 
exerting or tending to exert the same influence upon 
the members, instead of a varying action, such as that 
produced by the movable load. In order, therefore, to 
know the absolute stress to which any member is liable, 
and thereby to be able to give it the required strength 
and proportions, we have to add the stresses due to 
constant and occasional loads together. 

The weight of structure evidently acts upon the 
truss in the same manner as if it were concentrated at 
the nodes along the upper and lower chords, and of 
the arch, in case of the arch truss. And, since much 
the larger proportion of it acts at the points where the 
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movable load is applied, if we regard tbe whole as 
acting at those points, the results obtained as to stresBOs 
produced by it, will be sufficiently accurate for ordi- 
nary practice. Still, more closely approximating results 
may be obtained by assigning to both upper and lo^«rer 
nodes, their appropriate shares of weight sustained, as 
may easily be done when deemed expedient. 

If we divide the whole weight of superstructure sup- 
ported by a single truss, by the number of panels, the 
quotient, which we may represent by «/, will show the 
weight to be assumed for each supporting point, on 
account of structure ; and the stresses produced by such 
weights, added to the maximum stresses of the several 
members, due to the movable load, will represent the 
true absolute stresses the respective members are liahle 
to bear. 

If ow, as far as relates to parts suffering their maxi- 
mum stresses under the full load, such as chords, 
arches, king braces, and verticals in the arch truss, aa 
to their tension strain, we have only to substitute W, 
(ait^+M?')j in place of Wj in expressions obtained for 
stresses due to movable load. In other cases, w and 
w' will have each its peculiar and appropriate co-efll* 
cient. 

The diagonals of the arch truss, are obviously not 
affected by weight of structure, as they are not bo 
under full and uniform movable load. Moreover, the 
weight of structure acts in constant opposition to tbe 
compressive action of movable load upon verticals* 
Hence, in truss Pig, 11, where we find the varying 
movable load gives a maximum compression upon tbe 
longest, equal to Su?'', and upon the next shorter, eqnal 
to 2m?", the weight of structure diminishes those quan- 
tities to Zw" — w\ and 2m?" — v/ respectively. Or, if we 
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would be more exact, we may add in both cases, the 
weight of a segment of the arch, which has no tendency 
to produce tension upon the verticals ; or we may sub- 
tract only I or f of to'; thus, 8m?''— Ju?', and 2w''—iw\ 
may be taken to represent the compressive action upon 
the verticals in Fig. 11. * 



LrV. In the case of truss Fig. 12, the only diagonals 
acting under uniform load, are oc, j^, wrf* and ek; the 
two latter sustaining, of weight of structure, lw\ and 
the two former, 2u/. And, the maximum movable 
weight borne by those members, being [xl] lOt^' and 
15m?", the absolute maximum will be lOw'^+io' for nd 
and eky and 15w"+2w' for oc and j^. 

Now, if we place the figure 1 under d and «, (Fig. 12 
A), and the figure 2 under c and/, and so on, in case of 
a greater number of panels, to the foot of the last diagonal 
each way, inclining outward from the lower nodes, these 
figures are obviously, the co-efiicients of m?' to express 
the weights contributed by the material of the stru - 
ture, to the stresses of diagonals extending upward and 
outward from the points to which the figures respect- 
ively refer. 

Fio. 12 A. 




Again, we have seen [xl], that a certain condition 
of the movable load, tends to throw 1m?" upon bn, and 
another condition of such load, tends to throw 8u?'' upon 
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cm. But, since, as we now see, the weight of strnctnre 
tends to throw a constant weight of 2u/ upon oc, which 
is antagonistic to bn^ the actual maximum weight upon 
in, is Iv/' — 2i^', which will always he a negative quan- 
tity, in practice ; whence bn must always be inactive, 
and may be dispensed with. 

The maximum weight upon cnij as modified by 
weight of structure, is in like manner reduced to iw^' 
— w\ which will in practice, be either negative, or of 
quite small amount Hence, we have the following 
rule : For the absolute maximum stresses of diagonals 
(in case of parallel-chord trusses with verticals), we 
add the effects of weight of structure to the maximum 
effects due to variable load, where both fall upon the 
same, and subtract the former, in cases where the two 
forces fall upon counter, or antagonistic diagonals. 

In case of parallel-chord trusses without verticals, we 
add the effects of constant and variable load upon each 
diagonal, when alike, i. e., when both tensile or both 
compressive, and subtract the former when the effects 
are alike. 
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DOUBLE CANCELATED TRUSSES. 

LY. The use of chords in a truss being to sustain 
the horizontal action (whether of thrust or tension) of 
the oblique members, it follows that the aggregate 
stress of chords, is equal to the aggregate -horizontal 
action of all the diagonals acting in either direction. 
And, the horizontal action being obviously as the 
number and horizontal reach directly, and as the ver- 
tical reach inversely ; also, the length of truss being as 
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the nuraber and horizontal reach of diagonals, while 
the vertical reach is as the depth of truss, it follows 
that the stress of chords is directly as the length and 
inversely as the depth of trass, other conditions being 
the same. 

Hence, if the depth of truss be so reduced as to make 
the ratio of length to depth indefinitely large, the stress 
and required material 6f chords, become indefinitely 
large. On the contrary, if the depth be indefinitely 
great, although the stress of chords be ever so small 
the length and required material for diagonals and ver- 
ticals must be indefinitely large. It is manifest, then, 
that between these two extremes there is a practical 
optimum, — a certain ratio of length to depth of truss, 
which, though it may vary somewhat with circum- 
stances, will give the best possible results as to economy 
of material in the truss. This matter will be taken 
into consideration hereafter, and is referred to here, 
to show the expediency of generally increasing the 
depth, with increase of lengths in the truss. 

Now, in trusses of considerable length, and, conse- 
quently, depth, it becomes expedient, in order to avoid 
too great a width of panel (horizontally), or an inclina- 
tion of diagonals too steep for economy of material in 
those members, to extend them horizontally across two 
or more panels, or spaces between consecutive nodes 
of the chords. In such cases, the truss may be called 
double or treble cancelated, according as the diagonals 
cross two or three panels. 

LYL To estimate the stresses of the members of 
double cancelated trusses with vertical members, a 
slight modification of the process already described, 
[XL, &c.], is required, as follows : 

11 
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Having placed the nambere 1, 2, 8, Ac, over the 
nodes of the upper chord, as seen in Fig. 18, place 
under each odd number, the sum of all the odd num- 
bers in the first series, up to and including the one 
under which the sum is placed ; and the same iv'ith 
respect to the even numbers. Then, the second series 
of figures may be used in precisely the same maimer 
as that explained with reference to Fig. 12, to deter- 
mine the weight sustained by, and the maximum stress 
produced upon, each diagonal and vertical, by equal 
weights upon all or any of the nodes of either chord. 

For example; supposing the truss to have tension 
diagonals and thrust verticals ; take the diagonal hab- 
its lower end under 5 (upper series), and its upper end 
under 7. This diagonal may be represented by 5/7, 
while 5\7 may indicate its antagonist, and so of other 
diagonals. Then, as we see 9 (the sum of 1+3+5), in 
the second series, over the lower end of 5/7, and, as the 
diagram represents a truss of 16 panels, we know that 
the diagonal in question is liable to a maximum 
weight of j%w^ s« 9u/\ This amount is to be dimin- 
islied, of course, by the weight due from weight of 
structure to the counter diagonal. 

A]s:ain,thediagonal9/ll sustains as a maximum from 
variable load, 25zr"; which will require to be increased 
on account of weight of structure, since the latter, in 
this case, acts upon the main, and not upon the counter 
diagonal, as in case of 5/7. 

Now, to obtain the effects of weight of structure and 
uniform load, the truss having even panels, we place ^ 
under the centre node of the lower chord, because 
half of the weight m?', which is supposed to be concen- 
trated at that point, tends to act on each of the dia- 
gonals rising from that point. 
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At the next node from the 
centre, each way, the figure 1 
is set, because, of the weights 
(M;'),concentrated atthose points, 
each bears upon its nearest abut- 
ment (the truss being uniformly 
loaded), through the diagonals 
running upward and outward 
from those points. If this be 
not so, each must transmit a part 
of its amount past the centime, 
through the antagonistic dia- 
gonals 7/ 9 and 7\9, which is 
contrary to statical law. 

Then we put 1}, 2^, 8^, etc., 
under alternate nodes from the 
centre, and 1, 2, 8, etc., under 
alternates beginning at the first 
on each side of the centre ; as 
shown in diagram Fig. 18. 

These figures form the co- 
efiicients of w\ to indicate the 
weights acting, or tending to 
act, upon the diagonals running 
upward and outward from these 
numbers respectively, arising 
from weight of structure, and 
also, the co-eflicients for (zr-t-u?'), 
to express the load tending to 
act on diagonals, arising from 
both superstructure and mova- 
ble weight, when the truss is 
fully loaded. For illustration ; 
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the diagonal 5/7 we have seen to he liahle to a 
maximum stress of 9u;" from variable load, and, as we 
have the figure 1 at the foot of 5\79 it shows that 
the weight due to the latter on account of structure 
is lw\ which must be subtracted from 9w'' to obtain 
the actual maximum to which 5/7 is liable; which 
is 9w" — w\ 

If w' be equal to or greater than 9w"j then 5/7 is 
subject to no action, and may be dispensed with. Aa 
to the advantage of introducing counter diagonals, 
merely for the purpose of stiffening the truss, the results 
of my investigations will be given in a subsequent part 
of this work. 

The maximum weight sustained by any thrust up- 
right, is manifestly equal to the greatest weight borne 
by either diagonal connected with it at the upper end, 
•since any weight borne by 3/5, for instance, being 
transferred to the antagonist of 6\7, thereby dimin- 
ishes by a like amount, the maximum action of the 
latter. Whence the upright at 5, can receive no more 
load from the two diagonals, than the maximum load of 
one, and this relation holds in general. 

The reason of adding alternate figures to form the 
second series over the diagram, will be obvious, when 
it is observed that there are two independent systems 
of uprights and diagonals ; one of which includes the 
uprights nndei* even numbers in the upper series, and 
the diagonals connecting therewith, and the other, the 
remaining uprights and diagonals. ITow weight applied 
at the nodes of either of these systems, can only act upon 
members of that same system ; that is, weight applied 
at nodes indicated by even numbers in the upper series 
can only act upon the first above named system of up- 
rights and diagonals, and vice versa. 
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The main end braces are acted upon by both sys- 
tems; so that to obtain the weight sustained by them, 
we must add the numbers 56 and 64 (and correspond* 
ing numbers in other cases), making in this case 120u;'' 
equal to 7}%. 

The uprights under 1 and 15, sustain each a tension 
equal to w^ for variable load, and to w+w\ for weight 
of variable load and superstructure together ; which 
obviously gives their greatest strain. 

Having thus determined the greatest weights to which 
the several verticals and diagonal members are liable, 
we proceed as in former cases, to multiply those 
weights by lengths of diagonals, and divide the pro- 
ducts by lengths of verticals, to obtain the stresses of 
diagonals ; remembering to take into account the dif- 
ference in length between those having a horizontal 
reach of only one panel, at and near the ends of the 
truss, and those that reach across two panels. 

The mode of estimating the stresses upon the differ- 
ent portions of the chords, depending upon the hori- 
zontal action of diagonals, has been sufficiently ex- 
plained. It is only necessary to observe that the end 
braces produce compression upon the upper, and ten- 
sion upon the lower chord, through their whole lengths, 
equal to J (w+w')y multiplied by the number of nodes 

of the lower chord, and that product multiplied by - . 

and that each pair of intermediate diagonals analo- 
gously situated with respect to the ends of the truss, 
whether acting by thrnst or tension, produce tension 
and thrust in like manner, upon the portions of the 
lower and upper chords, between their points of con- 
nection with the chords. Thus is generated a progres- 
sive and determinate increase of action upon succeeding 
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portions of the chorda from the ends to the centre of 
the truss. 

, In the case of a deck bridgey the weights sustained 
bj thrust uprights, are respectively indicated by the 
figures over the diagram on the right han# half of the 
truss, prefixed to w'\ for movable load, and the figures 
under the diagram prefixed to vcfy for weight of struc- 
ture, being the same weight which gives the maximum 
stress to the diagonal running upward and outward 
from the foot of the upright. Tension verticals at the 
ends sustain no weight. 
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TRUSSES WITHOUT VERTICALS. 

It will be seen upon a general view of the action of 
the different parts of a truss with parallel chords, that 
the diagonals (and verticals when used), form media 
through which weight acting upon the truss, is reflected 
back and forth between the upper and lower chords 
until it comes finally to bear upon the abutment 

A weight applied at one of the nodes of the lower 
chord, of course, cannot be sustained by the tension 
of that chord, which acts only in horizontal directions ; 
but is suspended by a tension piece, whether oblique 
or vertical, from a node in the upper chord. But the 
upper chord acting also horizontally, cannot sustain the 
weight. Consequently, a thrust member, either oblique 
or vertical, must meet the force at that point, to prevent 
the weight from pulling down the upper chord, and 
destroying the structure. 

Hence, we see, that in all the cases we have consid- 
ered, of trusses with parallel chords, the weight, whe- 
ther applied at the upper or lower chord, acts alter- 
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nately upon thrust and tension pieces^ extending 
directly or obliquely from chord to chord. 

"With reference to Fig. 18, we have regarded the 
weight as transferred from tension diagonals to thrust 
verticals, and the contrary. But if we cobceive the 
verticals to be removed, except the endmost, we have 
only to insert a thrust brace from the abutment to the 
second node (or the first from .the angle), of the upper 
chord, and to so form and connect the other diagonals 
as to enable them to act by either tension of thrust, 
and we have a truss capableof sustaining wei^htsapplied 
at all, or any of the nodes of the upper and lower 
chords, in the same manner as the truss wilh verticals, 
represented in Fig. 18. In this condition, the truss 
will act upon the principles discussed with reference* to 
Fig. 18. For this modification of thetiuss, see Fig. 19. 

To estimate the strains upon the several parts of 
such a truss, due to weights w, Wy etc., at the nodes of 
the lower chord ; we may place the figures 1, 2, 8, etc., 
over the nodes of the upper chord, as was done in the 
case of Fig. 18. But, instead of adding alternate fig- 
ures to form the second series, to be used as co-eflli- 
cients of w'\ for expressing the weights sustained by 
diagonals, we add every fourth figure; because it is 
only the weights at every fourth node, that act upon 
the same set of diagonals. 

For instance ; the weights at 1, 5, 9 and 18, act upon 
their peculiar set of 8 "pieces (excluding the end braces, 
but including the tension vertical at 1), and none of the 
weights at the other nodes have any action upon those 
pieces ; as is made obvious by an inspection of Fig. 19. 

Again, the weight at 2, 6, 10 and 14, have their pe- 
culiar and independent set ; and so of those at 3, 7, 11 
and 15, and those at 4, 8 and 12. Therefore, in form- 
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iDg our second series of nam* 
bers, we place under each figure 
of the first series, the sum of 
that figure, added to every 4th 
figure preceding; that is, under 
12, place the sum of 12, 8 and 4 
"■ 24. Under 6, the sum of 6 + 
1 —G. The four first figares, 
having no 4th preceding figures, 
are simply transferred, without 
addition or alteration. 

These numbers in the second 
series, are the co-efficients of vf' 
(«M7 divided by the number of 
panels in the truss, being 16 in 
this case), to express the greatest 
weights acting by tension on 
each diagonal having its lower 
end under the number used, and 
the upper end under a higher 
number. Also the weight act- 
ing by thrust upon the diagonal 
meeting the former at the upper 
chord. The last, or highest 
number, determines the weight 
sustained by the tension vertical 
under the number, the vertical 
being a member of one of the 
four sets ot alternate thrust and 
tension pieces connecting the 
two chords. 

A third series of figures, 
formed by reversing the order 
of the second — ^placing the low- 
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est number of the third under the highest of the se- 
cond series, and viem versa^ prefixed as before to w'\ 
will show the weights sustained by thrust and tension 
of diagonals in the reversed order ; i. e., whereas one 
series shows the amoi\pt of tension a particular diago- 
nal is liable to, the reversed series shows the thrust 
the same piece must exert in a different condition of 
the load. 

Thus we ascertain, as in the case of truss Fig. 18 
[xLv], that nearly all of the diagonals are exposed to two 
kinds of action, thrust and tension ; and it isonly the 
preponderance of the larger over the smaller of these 
forces, ^vhich has place when the truss is fully loaded, 
and it is only this preponderance which is to be used 
asco-efficieiit to {w+w') in estimating the stresses upon 
the different portions of the chords, and as co-efficient 
to w\ in modifying the effects of the variable load upon 
diagonals, as affected by weight of structure. But it is 
to be remembered that the numbers over the diagram 
are to be divided by the number of panels, before being 
'dsed before w and w'j in the expression of stresses of 
members. Thus, we have, as the effect of variable 
load upon the diagonal 2/4 ..., 2w"{^z-w)y as the 

greatest weight acting by tension, and jgi^?, the great- 
est acting by thrust Hence the weight upon this 
piece, due to weight of structure, is {-^^w^^w'ysmdit 

produces thrust or compression, because the thrust 
tendency is the greater. This weight {w')y added to 

j^Wj the greatest effect of variable load shows the maxi- 
mum weight which can act by thrust upon that diago- 

18 

nal, to be :r^w+iD\ We have, also, for the greatest 
weight acting by tensian as modified by weight of struo- 

12 
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tare, j%— w?S which is a negative quantity when to 10 
leas than 8u/, aa will usually be«the case in practiee ; 
consequently that diagonal can seldom or never be ex- 
posed to the force of tension. 

Again ^^+'^% (* ^^^ ^ representing horizontal 
and vertical reaches of the diagonal, as in previous 
discussions), is the amount contributed toward the 
maximum tension of the lower chord by the diagonal 
in question, not affecting, of- course, that portion of 
the chord outside of the connection therewith, or a 
like portion at the opposite end. 

• 
LVm. It is to be remembered that the tension or 
thrust of a diagonal, is always equal to the weight sus- 
tained, multiplied by the length, and divided by the 
vertical reach of the diag6nal. 

The method here under discussion for estimating 
stresses, seems to need no further illustration. Bat 
the questioQ as to decussation^ affects the case of Fig. 
19, as well as that of Fig. 13. The two sets of dia- 
gonals which meet the upper and lower chords in the 
centre, have symmetrical halves on each side of the 
centre, and no action can pass the centre upon either, 
when they are uniformly loaded ; whereas, the two sets 
to which 7/9 and 7\9 belong, have the half of one 
on either side of the centre, a counter part to the half 
of the otlier set on the opposite side ; and the diagonals 
7/9 and 7\9, will act or not, according ad their op- 
posite points of connection with upper and lower chords, 
are carried farther apart, or the contrary. Now, as 
the points 9 and 7, upper chord, are depressed by the 
change in one vertical and 3 diagonals, while the op- 
posite points at the lower chord are depressed by the 
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change in 8 diagonals only, we might natarally expect 
to find greater depression in the upper than the lower 
points ; though this does not follow as a matter of ne- 
cessity, since the less number of members, by being 
more nearly under a maximum stress, might give 
greater depression than the greater number, under less 
stress, as compared with their maximum. Kow, the 
vertical at 1, being under maximum weight, gives de- 
pression Bs E ; (adopting the notation used with refer- 
ence to Fig. 13 [xLix.]). The two diagonals 1/3 and 
8\5 being under |f maximum, give depression equal 
tof J x4E(makiugA=v«l), = 3.81E; while the diagonal 
5/7, under j^ maximum, gives depression « 0.4x2E, 
Bs 0.8E, makint^ a total depression of point 7, upper 
chord, B 5.61tE. Again, the diagonal 1\3, under maxi- 
mum stress, gives depression » 2E, while 8/5 and 
6\7, under |f maxm^ m stress, give depresffon = J x 
4E, a 8.2E, making a total for the point 7, lower chord, 
equal to 5.2E, which is less by 0.41E, than the depression 
of the opposite point in the upper chord, whereas it 
should be greater by 0.8E, in order to give to 7\9 and 
7/9, the tension assigned to them by the decussation 
theory. 

But we must not conclude from this fact, that there 
is no decussation in this case. For, if we assume that 
7\9 is inactive under the full load, it follows that 5/7 
is also inactive, and that l/3-f-8\6 sustain only Jf 
maximumstress,producing}f E, >■ 8.05 E, which added 
to IE for the vertical at 1, makes 4.05 E, » depression at 
point 7, upper chord ; while the 3 diagonals contribut- 
ing to depression of the opposite point in lower chord, 
are under maximum stress, producing depression » 6 £. 
Hence, we see, that upon this hypothesis, the distance 
between these two points, measuring the vertical reach 
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of the diagonal, is increased by (6 — 4.05) E «■ 1.95 B. 
This can not be, without producing tension upon dia- 
gonals 7\9 and 7/9. Since then these members can 
not be entirely without action, and as previously shown, 
they can not have as much action as the decussation 
theory assigns to them, it follows, in this case, that they 
must act, but with less intensity than the theory as- 
signs them. 

In this case, as well as in that of Fig. 18, the result 
would be changed somewhat, by taking into the cal- 
culation the weight of structure, which would change 
to a small extent, the relation between the maximum 
stresses of diagonals, and the stresses they sustain un- 
der a full load. For the stress due to weight of struct- 
ure, is constant, and that due to variable load, is greater, 
upon m(^t of the diagonals, under certain conditions 
of a partial, than under a fuH load. Hence, while 
6\7 sustains (under full load), only jf maximum upon 
that part of the material provided for variable load, it 
sustains a fuU maximum upon the part provided - to 
sustain weight of structure. It is easy enough to take 
these things all into account, in estimating the amount 
of decussation in special cases. Still, it is doubtful 
whether any better practical rule can be adopted, than 
the one previously given, [xLvni] ; namely, to estimate 
stresses upon both hypotheses, and take the highest 
estimate for each part 

Decussation in Trusses with Verticals. 

LIX. In trusses of this class with odd panels, and 
diagonals crossing two panels, as in Fig. 20, it will be 
seen, on subjecting them to analysis, such as was ex- 
plained with reference to Fig. 18 [xvi], that, while in 
trusses of even panels, the figures in the second line 
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over the diagram, indicate the maximum stresses of 
diagonals, and those under the diagram, the stresses 
under uniform load (which are generally less than the 
maximum under partial loads), in case of the truss with 
odd panels, the bottom figures show, for certain dia- 
gonals, greater stresses for the full, than the upper 
figures give as the maximum for partial loads. Thus, 
in Pig. 20, the number 16 over m, indicates IQw" 
(asyu7), as the maximum weight for i7, while the fig- 
ure 2 under t&e point t, indicates that il sustains 2w («■ 
18u?''), under the full load. It should be remarked here, 
that the figure 1 under the first two nodes on either side 
of the centre, and the figure 2 under the next, are thus 
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placed upon the assumption that all the weight on 
either side of the centre, is made to act on its nearest 
abutment. This would necessarily be so, if en and/j 
were removed or relaxed. But, with those members 
in place, and properly adjusted, there may be a decus- 
sation of forces through them, whereby a portion of 
the weights at e and/, may be made to bear upon the 
more remote abutments. !Now, as the maximum ou 
en is Qw^' and that of its antagonisf only 4w", the latter 
is not sufiicient to neutralize the former entirely^ but 
leaves a balance of 2w'' which may be transmitted 
through en to gl^ as an ofiset for a like amount trans- 
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mitted through fq to (&. If this he so, then /m and er 
do not sustain the full weight of lu?, but only lw'\ 
which, being transmitted to {/, makes, with the weight 
U7 (=a9M?"), applied directly at i, 16w/', as indicated by 
the figures oyer the diagram, instead of 2u7 (>« ISu/^, 
as the figure 2 under the point i would indicate. 

Now, whether the two diagqnals en and/g, being ap- 
parently, in a state of partial antagonism, do in whole 
or in part neutralize the tendenty of ^each other to 
transmit weight past the centre each way under a uni- 
form load of the truss, is not quite obvious, and it may 
be proper to estimate stresses under both hypotheses, 
and take the highest estimate for each part of the 
tiuss. 

It will be seen that t^. and cd are the only diagonals 
in Fig. 20, which show greater stress with a full than 
a partial load, upon the non-decussation hypothesis. 
But all the diagonals undergo diiFerent stresses, with 
the uniform load, as viewed under the different theo- 
ries, and consequently, their effects upon the chords 
are different. The end brace o^, sustains ^^ip-Vvf)^ 
4W substituting W for u?+m?'), under either theory, 

and the tension of ac equals ^w (making h^ab^ and 

V =» bs). C8 sustains 2W, or V W, whence cd sustains 

either 6Wj or 6JW* Again, da sustains W, orlfW, 

the former without, and the latter with decussation* 
This diagonal having a horizontal reach of 2A, adds 

2W ^ or 2J W* to tension of chord, making 8W~, or 
8| ^^j as the tension of de. For er, we have W with- 
out decussation, making a tension of lOW- for ef; 

while with decussation, er sustains J W, from which we 
subtract ^W^ for opposite action of en, leaving |W 
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giving horizontal pull -l|Wj to be added to SgWj 

making 9j W^ ■■ tension of e/1 

Upon the non-decussation hypothesis, s r and m Z, of 
the upper chord sustain thrust equal to 8 W^, and the 

remainder of the chord^ 10W-. By the other hypothe- 

sis, sr and ml sustain 8) W >, rq and nm sustain 9J 

W -, and the other 8 sections, 10* W- 

LX. We may derive some more light upon this sub- 
jedt, by consideridg the conditionstresulting from the 
elasticity of materials. Supposing the upper and lower 
chords to be so proportioned as to be uniformly con- 
tracted or extended under a uniform load of the truss, 
this does not require or imply any appreciable differ- 
ence in lengths of diagonals. But the stress upon 
chords being produced by the action of diagonals, the 
latter, when, as here supposed, acting by tension, neces- 
sarily undergo extension, by ^hich means, the panels 
(except the centre one), are changed from their originiil 
form of rectangles, to that of oblique trapezoids* For 
instance, the figure gjln becomes longer diagonally 
from g to {, than from n to J, whence the point g &A\» 
lower than it would do, if the diagonal suffered no 
change. 

Suppose then the truss to be fully loaded, and the 
diagonals il, gl and/m, to be each exposed to the same 
stress to the square inch of cross-section. In that case, 
U and gl suffer extension proportionally to their respec- 
tive lengths, thereby causing depression of the points 
i and g respectively as the squares of those lengths. 
[See note in section xlix.] Hence, the point g is de- 
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pressed more tban the point J, by the extension of dia- 
gonalsy by as much as the sqaare of gl exceeds the 
square of t^, or as 8 to 5 ; assuming diagonals to incline 
at 45°. The panel gm^ mast therefore be obliqne, and 
the distance^, greater than m. Again, the pointy 
suffering the same depression from the extension of Jm^ 
as the pointy suffers from that otgl^ and a still furthex 
depression from the compression of mi, and the exten- 
sion of S, it follows that the panel fn must also be ob- 
lique, and the distance ^n, greater than the distance og. 

Now, the obliquity of both of the panels gm and^h, 
manifestly contributes to the excess of distance fnij 
over of. On the contrary, the centre panel eo has no 
obliquity due to extension of diagonals, or compression 
of uprights; since there is no cause for obliquity in 
one direction, more than the other. It seems to follow 
that en, crossing one oblique panel, must undergo ex- 
tension; but not so much as/7n,which crosses two, 

Now,/wandcn being equal in length, the weight 
sustained by each, is manifestly as the cross-section 
and extension combined *; and as the former,//7i, should 
be the larger in the ratio of 9 to 6, or as their maxi- 
mum stresses ; if we allow their extensions to be as 
2 to 1, the greater for j^, the relative weights sustained 
would be as 18 to 6, or as 6 to 2. Our decussation 
theory gave their relative stresses as 7u?" to 2w'\ This 
is not a wide discrepancy, seeing that the above com- 
putation is based in part upon a mere approximate 
data. 

We may conclude then, that in cases like the one 
under consideration, decussation does actually take 
place. Still it obviously depends upon conditions which 
are not of the most determinate character. For, if en 
and/j^, be relaxed or removed, under a full load of the 
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truss, decussation can not take place, for the same ob- 
liquity of the two panels next to the centre one, which 
produces the tendency toward tension of en Siud fq^ on 
the contrary, tends to relax do and ffpy through which 
latter alone decussation could take place, in the absence 
of the former. 

On the other hand, if en and/g be suflSciently strongs 
they may be strained to such a pitch as to bear all the 
weights ateand/, and leave //n and erentirely inactive. 
Hence, there is an uncertainty as to the action of these 
diagonals, which may be best obviated by estimating 
stresses upon both theories, and takiug the highest es« 
timates; as recommended with reference to trusses 
without verticals, and as previously suggested with 
reference to the case in hand. • 

In view of preceding facts and principles, it may be 
advisable to avoid the odd panel in trusses with verti- 
cals, when practicable without incurring more import- 
ant disadvantages in other respects. 



DECK BRIDGES. 

LXI. Are those having the movable load applied at 
the nodes of the upper, instead of the lower chord, as 
generally assumed in preceding analyses. 

It will readily be seen, on a brief contemplation of 
Figures 12 and 13, for instance, that weights applied 
at the upper chord, act directly upon compression 
members, either erect or oblique, as the case may be ; 
and are thence transferred to tension members at the 
lower chord ; according to the general principle, that 
weight applied at the upper end of a member, always 
acts by compression, and that which is applied at the 
lower end, by tension. 

18 
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In the case of truss Pig. 12, the action of tension di- 
agonals is precisely the same, whether the weight be 
applied at the upper or lower chord. But the compres- 
sion verticals, in the deck bridge, sustain as their maxi- 
mum, the weights indicated by the figures immediately 
above them respectively, from the centre toward the 
right hand ; and these weights, of courde, are equal to 
those acting upon the diagonals respectively meeting 
the verticals at the lower chord ; and consequently, 
greater than when the weight is applied at the lower 
chord. For illustration, in Fig. 12, as the truss of a 
deck bridge, the vertical//: sustains 15u?'',the same aa 
j5, whereas, in the case of a " Through bridge" (with 
load applied at the lower chord), /fe sustains only 10m?" 
communicated to it.through ek. 

In the deck bridge also, the tension verticals ho and 
jg are essentially inactive, merely sustaining a small 
portion of the lower chord. The chords sufiers the 
same stress in both through, and deck bridges. 

LXn. Load applied at the upper chord of truss Fig. 
13, acts by thrust directly upon the diagonals meeting 
at the upper chord, and the maximum weiglit (from 
movable load), sustained by diagonals meeting at one 
of the upper nodes, are indicated by the two figures 
immediately over the node ; the larger figure referring 
to the diagonal running toward the nearer abutment ; 
e. g., the numbers 4 and 6 over the point m, signify 
Qw" =s greatest weight borne by mc^ and Aw" ■■ the 
greatest borne by we. 

It is obvious also, that the maximum thrust of any 
diagonal, equals the maximum tension of the diagonal 
meeting the former at the lower chord ; that is, maxi- 
mum thrust of mc^ is equal to 6m;"—, o. maximum ten- 
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fiion of €0. The maximum thrust of bn being equal to 

9u;"~, the maximum tension of bo^ equals 9u;'' / This is an 

extra weight thrown upon the pcgnt o, in consequence of 
the vertical 60, being turned out of its regular direction 
of a diagonal in the position of bp^* in ofder to throw 
its load upon oa, whereby op and pa are rendered un- 
necessary. The weight borne by oa^ therefore, instead 
of being 12?^'', as indicated by the figure 12 at o, is 
12m?"+9m?^ - 2lM?'^ = 8m?. 

The figure 1 over 0, denotes the tendency of 1m?" to 
act upon oc^ by thrust, by which tendency the tetttion 
of ocj under a full load of the truss, is reduced 

to 5m?''-. 

LXm. If Fig. 12 be assumed to represent a truss 
with tension verticals and thrust diagonals, the figures 
over the upper nodes, prefixed to w" indicate the 
weights tending to act by compression upon the dia- 
gonals descending toward the right from the nodes 
respectively ; which weight is transferred to the verti- 
cal meeting the diagonal at the lower chord. This 
constitutes the maximum load of the vertical, in case 
of a deck bridge. Otherwise, the maximum stress of 
verticals is shown by the figures immediately over 

Fig. 13A. 
p n m I k j 
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* The point p, not seen in Fijpr. 18, is assumed to be at the intersec 
tion of a vertical line throu^^h the point a, with the upper chord- 
produced. The arrangement above allndecl to, gives the trass a reclan- 
gular, instead of a trapezoidal form of outline, which involves no more 
action upon material, 'though it increases the number of members in 
the truss. [See Fig. 18A.] 
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them, prefixed to w'\ provided, that in this case, the 
maximum stress of a vertical can never be less than ii?. 
a the weight applied immediately at its lower end. 

■ 

Ratio of Length to Dspth of Truss. 

LXIV. Having explained and illustrated, it is hoped 
intelligibly, methods by which may be computed the 
stresses of the various parts composing most of the 
combinations of members capable of being used in 
bridge trusses, with a view to giving to each part its 
du#proportiou8, it may be proper to give attention to 
the general proportions of trusses, and such other con- 
siderations as may affect the efficient, and economical 
application of materials in bridge construction. 

The ratio of length to depth of truss is susceptible 
very great range, and it is obvious that some certain f 

medium, in this respect, will generally give more ad- 
vantageous results, than any considerable deviation 
toward either extreme. For, it will be observed, that ' 
in the expressions we have derived for the amount of 

action open chords^ - appears as a factor ; v represent- 
ing the depth of truss, between centres of chords. 
Hence, the smaller the value of u, the greater the 
stresses of chords, so that when r=»0, these stresses 
become infinite, and the chords require an infinite 
amount of material; in other words, the case is im- 
possible. On the other hand, if r be infinitely great, 
though the stress of chords be reduced to nothing, the 
verticals and diagonals being infinitely long, and sus- 
taining a definite weight, also require an infinite 
amount of material. 

Now, between these two impracticable extremes 
where shall we look for the most advantageous ratio 1 
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It can not be the arithmetical mean, for there is no 
such mean between i? — 0, and v -• infinity. Un- 
doubtedly, we shall be unable to do more than answer 
this question approximately; and that, only with refers 
ence to specific cases; for the ratio suitable for one 
length of span, and in one set of circumstances, will 
often be found^quite unsuitable under difierent circum- 
stances. 

We have seen that the material required in chords. 
is in general, inversely as the depth of truss, or as -. 

Also, that the material for verticals and diagonals, in* 
creases with increase in the value of v ; though not it 
a determinate ratio. But assuming the latter classes 
of members, including the main end braces of the Trape- 
zoidal truss, to increase in the ratio at which v in- 
creases, while the chords diminish at the same rate, 
we might reasouably assume, tkat the minimum amount 
of action upon materials would occur when the amount 
of action upon chords were just equal to that upon all 
other parts of the truss. 

By recurrence to the analysis of truss Fig. 12, 
[xLin], we find amount of action upon chords, re- 

presented by 56— m, and that upon all other parts, by 

( 16^+ 22.57v) M. Here, h is equal to ^ part of the 
length of truss, while v is variable ; and, by making 
these two co-efficients of m equal, and deducing thence 
the value of y, we have the depth of a 7 panel truss in 
which the amount of action upon chords, equals that 
of all other parts. Thus, putting 56- » 16- + 22.67r, 

substracting 16-, and multiplying by v, we have 40A* »« 

22.57t?*; whence r = •( g|^ ), -l.sa nearly. This 
gives length to depth of truss, as 6.2 to 1. 



^ 
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Again y referring to analysis of trass Fig. 10, we find 
action upon chords represented by 2O-M9 and action 

upon other parts, by ( 8^ + 11.2i?) m* To make 
these quantities equal, requires that v » 1.03A, and that 
the length of truss be equal to ^ times its depth, or 

nearly 5 to 1. 

From this last case, we may infer as a probabUUj/^ 
that a ratio of length to depth as 5 to 1, is the most 
economical for a truss of 5 panels, other things the 
same. We know, moreover, that by making v =» J/i, in 
the same truss, we double the amount of action upon 
chords — making it equal to the aggregate upon all 
parts with the ratio of 5 to 1, while the action, and 
consequently, the material of the other parts is probably 
reduced one-half. Hence, a ratio of length to depth 
as 10 to 1, probably increases the aggregate amount of 
action by some 25 percent, over what takes place with 
a ratio of 5 to 1. We may therefore unhesitatingly 
conclude, that whether the ratio of 5 to 1 be too small 
or not, the ratio of 10 to 1 is much too large. 

Keferring again to the 7 panel truds, it appears above, 
that a ratio of 5.2 to 1 indicates the Same amount of 
action upon chords, as on all other parts. But we can 
not with certainty infer that i\iQabsoluU amountof action 
upon the truss, is less with t;sl.34A, than with v^h ; 
in which case length is to depth as 7 to 1. In fact, if 
we estimate the absolute amount of action, assuming 
these two values of v successively, we shall find no es- 
sential difference in the results. Hence, if other con* 
ditions were the same in both cases, it would follow 
that the ratios of 5.2 to 1 and 7 to 1 were equally 
favorable to economy, and that there is a better ratio 
still, between the two ; probably, about 6 to 1. 



• 
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Bat the conditions arc not the same in the two cases, 
aside from the diflferent values of v. For, while with 
va>A, the diagonals incline at 45^, in the other case, 
their inclination from the vertical is considerably less, 
being only about 87®. This, we shall see hereafter, is 
a less favorable inclination for diagonals acting by ten- 
sion, than 45® ; and, since the ratio of 5.2 to 1 Shows 
an equality as to economy, with the ratio of 7 to 1, 
with the more favorable conditions on the side of the 
iaitter, it would seem at least, highly probable that the 
ratio of 5.2 to 1 is the more near approximation to the 
desired optimum. 

Now, after much thought and investigation, with 
some considerable experience in planuiug and con- 
structing truss bridges, I can give no better pra* tical 
rule as to the proper depth of a truss of a given length, 
than to adopt that ratio between 7 to 1 and 5 to 1, 
which will best accommodate the desired length of 
panel (or value of A), and afford the best, and most 
economical inclination of diagonals; matters to which 
attention will shortly be directed. 

It is not supposed, however, that these limits of 
ratio will not 'frequently be exceeded, particularly in 
the adoption of a greater ratio than 7 to 1. In case 
of the very long spans dared and achieved in this age 
of rail roads and locomotion, engineers may recoil from 
the towering altitudes of 50 or 60 feet depth of truss 
which some of the long spans now occasionally con- 
structed would require, perhaps more in deference to 
European precedent, and from an instinct of conserva- 
tism, than from regard to economy, and a true appre- 
ciation of the real merits of the question. But' for 
important bridges for heavy burthens, a ratio greatei 
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than 8 to 1 can not be regarded as commendable, ex- 
cept in rare and peculiar circnmstancea. 

Inclination of Diagonals. 

LXY. We have seen the abaolnte importance of ob- 
liqae members in bridge trusseSy and we have also 
seen the excellence, in point of theoretical economy, 
of the trapezoidal trnss, with parallel chords con- 
nected by diagonal members, with or without verticals. 
Now, since there is an endless variety in the positions 
which a diagonal member may assume, it becomes an 
important question, what degree of inclination these 
members should have, to give the most economical and 
satisfactory results* 

The inclination may be increased till it reaches a 
horizontal position, or diminished till it becomes a ver- 
tical ; when, in either case, the member ceases to be a 
diagonal, and becomes incapable of performing the 
office of effecting a horizontal transfer of vertical pres- 
sure. 

The greatest efficiency of material used in diagonals, 
is manifestly, when the weight sustained by a given 
quantity of material, multiplied by the horizontal 
rea^ch, gives the largest product ; and, when the mem- 
ber acts by tension, the weight capable of being sus- 
tained by a given amount of material, is as the cross- 
section directly, and as the rate of strain inversely. 
But the rate of strain, or stress produced by a given 
weight, is as the. weight multiplied by the length of 

diagonal (d), and divided by the vertical (y), or as -> 
while the cross-section is inversely as n, or as — 

1 D fl 

Hence, the weight is as - h — , = -.. 
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Now, representing the horizontal reach by A, the 
efficiency of the material mu8t be as ^ equal to 

-5~^. Then, making r, constant, and dividing by v, 

the expression becomes, t—^, still being proportional 

to the efficiency of material. Consequently, that value 
of A, which gives the largest value to the expression 

^-r-^, will indicate the inclination at which the diago- 
nal will act with the greatest efficiency. 

This value of A, is found by diffi^rentiating the func- 

• tion -axr« (^ being the variable), and putting the dif- 
ferential equal to : by which process we obtain : 
■ d (-* ) =<i!±^!^L^^==0, whence canceling the 

denominator, v^dh + AMA = 2A*dA, and A^dA = t-'dA.* 
Then, dividing by dA, and extracting the square root, 
we have A=i;; thus showing that an inclination of 
45^ is the most advantageous for tension diagonals as 
&r as relates to those members alone. 

Theust Diagonals. 

LXVI. The efficiency of material in a thrust brace, 
is directly as the useful eflfect produced by the member, 
and inversely as the amount of material required in it. 

ITow, the useful effect, as in the previous case, is 
as the weight sustained and the horizontal reach, while 
the amount of material, depends not only upon the 
stress and length, but also upon the ratio of length to 
diameter^ which affects the power of resistance. 

Theoretically, the power of resistance is as the cube 
of the diameter {d)y divided by the square of the length 
(=*i;*xA^, a rule which is not sustained by experience, 

* d(Roman). before a variable, or the fanction of a variable, denotes 
tlie differential of such variable or function. 

14 
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except in case of long slim pieces which break by 
lateral deflection, under a comparatively small com- 
pressive force. We will, however, nse the rule for the 
present occasion. 

The efficiency of the material then, will be as the 
power of resistance and the horizontal reach directly, 
and as the stress produced by a given weight, in* 
versely ; which stress is ftav^ ^+^*. Whence we have 

^^s/?±l i^j^^) proportional to the efficiency 

of materialinathrastbrace. Making (2'(;al, the last ex- 
pression becomes -T-pp-j.,andthevalueof A which gives 

the greatest value to this function, will indicate the 
inclination at which a thrust brace will act with the 
greatest efficiency, as it regards the brace alone. 
Differentiating, and putting the result equal to 0, we 
have : 
d (^p^^ Hc'-hA»)i-4^y+AMX2XU ,0; whence, 

multiplying by the denominator (r'+A*)*, we obtain 
dA {v'+h^)i ^ lh{v' + A»)J X 2AdA, and, dividing by 
y/{v^+h^dh, we have »»+ A* — |Ax2A « 8A* whence, r» =- 

8 A*— A* — 2h\ and by evolution, t? =« A%/2, and A =-^ 
« 0.7072i;. 

If we deduce the value of the expression , 7^ ^^ |, 
(which is equal to the horizontal reach divided by the 
cube of the length of brace), putting A=»o and A=|w 
successively, we find the degree of efficiency less than 
the maximum, as above determined, by about 9 per 
cent in the former, and 8 per cent in the latter case ; 
showing that considerable deviations may be made in 
the inclinations of thrust braces without much detri- 
ment to efficiency of material in braces, when required 
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by other considerations ; which will often be the case, 
as will be seen hereafter. 



Effects of Inclination of Diagonals upon Stress of 

Chords and Verticals. 

LXVIL The comparative effects of different posi- 
sitions of diagonals upon the chords, may be illustrated 
with reference to Fig. 21. It is manifest that a given 
weight w on the centre of this truss, will produce a 
vertical pressure equal to ^w at each of the points 
a and 6, and that each oblique member between a and lo^ 
will sustain a weight equal to ^w ; and will exert each 
a horizontal action upon the upper and lower chords, 

equal to ^w . Hence,the stress of chords in the centre, 

will equal ^w xn, in which n represents the number 
of oblique members between a and w^ or between 



ae 



ac 



a and c. But n equals' y whence Jw? w =» Ju?- x-jt 



V 



J. ac 
V 




The term h having been eliminated from the last ex- 
pres:4ion, it shows that the inclination of diagonals has 
no effect upon the stress of chords in the centre, pro- 
duced by weight in the centre of the truss ; and by 
similar reasoning it is shown that the same is true in re- 
lation to other parts of the chords, or to weight at any 
other points in the length of the truss ; the only differ- 
ence being that the shorter the panels, or the smaller 
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tbe value of A, the 8hoi|^r the intervals at which the 
incremeDts in the'streas of chords are added, and the 
less the magnitude of such increments, in the same 
proportion. Hence, in general, there is no difference 
in the stresses of chords, whether the diagonals have 
one inclination or another. 

With regard to the effect upon verticals, that part 
of their stress which they receive through diagonalfi, 
is equal to the weight sustained by those diagonals, 
and is the same for a given weight, whatever be their 
inclination. On the vertical wc^ the pressure is re- 
ceived directly from the weight But on the next ad- 
jacent vertical, on either side, one-half of the same 
pressure is received through to the intervening diago- 
nal, and transmitted to the next, and so on to the end. 

Consequently the aggregate action of verticals, pro- 
duced by the weight t/?, is equal to m; + ^wn, taking n 
for the number of verticals receiving their stress 
through the medium of diagonals, and which is equal 
to the whole number less 3, when the number is odd, 
and the verticals act by thrust, as assumed in the case 
of Fig. 21. If the weight be applied at the lower 
chord, the whole action of verticals is communicated 
through diagonals, the latter acting by tension. 

Hence the aggregate action of verticals increases and 
diminishes with their number, and economy as regards 
those members, would require the diagonals to incline 
at a greater angle with the vertical than that which 
is most favorable as to the diagonals themselves. 

We have seen, however [lxvi] that by placing tbe 
diagonals at 45^ when they act by thrust, we lose about 
9 per cent in economy of those members, and we now 
learn that such an arrangement increases the economy 
in verticals to a considerable extent by diminishing 
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their number ; the actual amount depending somewhat 
upon the number, and not deducible by a general rule. 

We shall not, however, err greatly in assuming, that 
with an inclination of 45°, for thrust diagonals in con- 
junction with tension verticals, the loss upon the 
former is quite made up by saving in the latter, and 
that a less inclination in this case, should be regarded 
as very questionable practice. 

In case of tension diagonals and vertical struts, a 
saving in material may undoubtedly be made by mak- 
ing the horizontal greater than the vertical reach of 
the diagonal, whenever such a course is found consist- 
ent with a proper regard to just proportions of the 
truss in other respects ; such as widtli of panel, depth 
of truss, etc. 

Thb JVidth op Panbl. 

LXVnL Which we have represented in our formu- 
l88 by hj has only been hitherto considered as to its 
relations to t;, representing the depth of truss. 

With regard to the best absolute value of A, the ques- 
tion is afiected by the relative expense of floor joists, 
and the extra amount of material and labor in forming 
connections at the nodes of the chords ; as well as, in 
some cases, the lengths of sections in the upper chord. 
The latter requires support laterally and vertically at 
intervals of moderate length, depending upon the ab- 
solute stress, which, other things the same, governs the 
cross-section. 

The upper chord usually, of whatever material, has 
a cross-section so large as to exclude all danger of 
breaking by lateral deflection, in sections of 10 to 14 
feet ; and, as there will seldom be occasion for exceed- 
ing these lengths in cancelated trusses, the increased 
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expense of joists for wide panels, and the expense of 
extra connections in narrow ones, are the principal 
considerations affecting the absolute value of A, as an 
element of economy. 

The transverse beams, supposed to be located at the 
nodes between adjacent panels, may, of course, be pro- 
portioned to the width of panel, so as to require essen- 
tially the same material in all cases. But the joists, or 
track stringers of rail road bridges, the depth being 
proportional to the length between supports, have a 
supporting power as their cross sections; and since the 
load, at a given weight to the lineal foot, is directly as 
the length, it follow%, that to support the same load per 
loot, as bridge joists are required to do, the cross-sec- 
tion should be as the length. The expense of joists 
and stringers, therefore, is directly as the width of 
panel.* , 

On the contrary, the expense of connections 
will be as the number of panels, nearly, and conse- 
quently, inversely as their width, or inversely as the 

*The thickneas of joist most eoonomlcal for a short reach would be 
liable to buckle with greater length and depth. Hence joists reqaiie 
increase of thickness with increase of length and depth. The thick- 
ness should be as the depth, and the cross-section, as the square of the 
depth {ct). 

Upon this basis; the required material for joists, increases at a greater 
ratio than the increase in width of panels. Thb supporting power of a 
joist or beam of a given form of section, or a given ratio of depth to 
thickness, is as the cube of the depth directly, and the length (l) in- 
versely ; or, as -j. If there be two joists of depths respectively as d and x, 
and lengths as I and nl, their supporting powers P, P^ for load simi- 
larly applied, will be as-|- to ^ But the power should be as the load ; 
in other words, as the length of joists. Hence we have the proportion, 
y : ^ : : i : »i, whence, fuP — ^ and x^dn%. Now » Is as the length 

of joists, and tl^ depth, therefore, is as the f power of the length, and 
the cross-section, and consequently the required material, as the^ 
power of the length. Hence, if m represent the material for joists 
with panels of a given width, the mat erial for panels twice as wide, 

will be represented by m X ^^— m^yT5"= m2.53. But thisis rather 
anticipating the subject of lateral, or transverse strength of beams. 
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length of joists. Hence, if we could find the point 
where the cost of connections (consisting of extra 
material in the lappings of parts, connecting pins, 
screws and nuts, and enlarged sections at the ends of 
members, together with the extra labor in forming the 
connections), becomes equal to the whole cost of ma- 
terial in joists or stringers ; that would seem to indi- 
cate the proper width of panel, or value of A, as far as 
depends upon these elements. 

But aside from the fieict that our data upon this 
question are so few and so imperfect, that it would be 
mere charlatanism to attempt to reduce the matter to 
a mathematical formula, the occasions would be so 
rare which would admit of the application of such 
formula, without incurring disadvantages in other re- 
spects, such as improper inclination of diagonals, un- 
suitable ratio of length to depth of truss, &c., that no 
attempt will be here made to give any thing more 
definite upon this point, than to refer to the best pre- 
cedents and practice of the times ; which seem to con- 
fine the range of width of panel mostly within the 
limits of 8 and 15 feet. 

Within these limits, and seldom reaching either ex- 
treme, plans may be adapted to any of the ordinary 
lengths of span, by adopting the single or double can- 
celated trusses. Figs. 12 and 18, or 18 and 19, or the 
arch truss Fig. 11, (which unquestionably contain the 
essential principles and combinations of the best trusses 
m use), according to length of span, the purposes of 
the bridges respectively, or the taste and judgment of 
engineers and builders. » 



\ 
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ARCH BRIDGES. 

LXIX. An arch bridge may be distingniabed firom 
an Arch Truss Bridge^ by the £Eict that in the former, tlie 
bridge and its load are sustained by one or more arcbes 
without chords; and, consequently, requiring external 
means to withstand the horizontal thrust or action of 
the arches at either end ; which means are afforded by 
heavy ^abutments and piers, in case of erect arches, and 
by towers and anchorage in the earth, in case of in- 
verted, or suspension arches. 

It is not the purpose of this work to treat elaborately 
of either of these forms of bridging, as the author's 
experience and investigations have been mostly con- 
fined to truss bridge construction. But as some of the 
largest bridge enterprises and achievements of the age 
are designed upon the principles here referred to, a 
brief notice of the subject, and some of the conditions 
affecting the use of these classes of bridges, may be 
regarded as desirable in a work of this kind. 

Suspension, or inverted arch bridges of very great 
spans, have long been in use, both in this and foreign 
countries ; and the capabilities of that system have been 
pretty thoroughly tested experimentally and practically. 

But bridges supported by erect metallic arches, have 
hitherto been confined to structures of moderate span. 
Within a few years, however, the magnificent enter- 
prise of spanning the Mississippi at St. Louis by three 
noble stretches of about 600 feet each, supported each 
by four arched ribs of cast steel, has been undertaken 
and is understood to be in rapid process of execution. 
The interest naturally felt in the progress and final 
result of this grand enterprise, by students and pracd- 
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tioners in the engineering profession^ will perhaps aid 
in rendering the following brief^ and somewhat super- 
ficial discussion acceptable. 



LXX. An erect arch subjected to the action of 
weight, or vertical pressure, is in a condition of unsta- 
ble equilibrium ; and can only stand while the weight 
is so distributed that all the forces acting at each point 
of its length, are in equilibrio. To illustrate this, we 
may assume the arch to be composed of short straight 
segments meeting and forming certain angles with 
one another, and the weights applied at the angular 
points.' 

A weight at <?, Fig. 22, for instance, acts vertically, 
and, if dc be produced till it meet the vertical drawa 

Fig. 22. 




through b in m, then the triangle bcm has its sides 
respectively parallel with the directions of three forces 
acting at the point c; namely, the weight at the point 
e, the thrust of the segment 6c, and that of dc. Hence, 
if these three forces be to one another as* the sides of 
said triangle, — ^that is, if the weight' (w) : thrust of be : 
thrust of dc:: bm: be: em^ then they are in equilibrio. 
If w be greater than is indicated by this proportion, 
the point c will be depressed, bed approaching nearer 
and nearer to a straight line, and becoming less and 

16 
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less able to support the weight, and a collapse must 
result. 

If w be Usa than the above proportion indicates, it 
will be unable to withstand the upward tendency of 
the point c, due to the thrust of he and de (or, to the 
preponderance of the vertical thrust of bc^ over that of 
dc), the point c will rise, the upward tendency becom- 
ing greater and greater, and the result will be a col- 
lapse, as before. The same reasoning, and the same 
inference, apply to any other angular point, as at c. 
It is, therefore, only in theory that such a thing as an 
equilibrated erect archi can exist The arch is here 
considered as a geometrical line without breadth or 
thickness. 

It is this property of instability, in the Erect Arch, 
that the diagonals in the Arch TrusSy [Figs. 5 and llj 
are designed to obviate, and to enable the arch to re- 
tain its form and stability under a variable load. 

LXXL Still, in theory, an arch may be in equilibrio 
with any given distribution of load, whenever the points 
a, 6, e, etc., are so situated that the sides of the trian- 
gle bcTTiy for instance, formed by a vertical with lines 
respectively coinciding or parallel with the two seg- 
ments meeting at c, are proportional to the 8 forces 
acting at c, as above stated, and so at the other angu- 
lar points of the figure. 

To construct an equilibrated arch adapted to a given 
distribution of load, consisting of determinate weights 
at given horizontal •intervals between the extremities 
of the arch, we may proceed as follows : 

Draw a horizontal line representing the ' chord aA, 
and upon the vertical Cfty erected from its centre, take 
Cf equal to the required versed sine, or depth of the 
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arch at the centre. Aho, take//=»Cy, and erect verti- 
cals upon the chord, at all the points at which the load 
is applied, and join a and t. 

Then, if the load be uniformly distributed (horizon- 
tally) upon the arch, we have seen, [lii], the arch 
should be a parabola, to which of course, at is tangent 
at the extremity, a. But, regarding ab as tangent to 
the curve at r, half way between a and b (horizontally), 
we seek the abscissa /?, which is to Cf:: rs^: aC?. 
Then, taking the distance oifu^fSy au is tangent to the 
curve at r, and coincides with the first segment {ab) of 
the arch. (These segments are supposed to be so 
short, that the tangent and curve.may be regarded as 
essentially coinciding, for the length of a single segment) • 

Now, the thrust of a6, is to the whole weight bear- 
ing at a, as ru to us ; and, erecting the vertical al^ such, 
that al : ab: : weight at b : thrust of a6, and drawing 
the straight line IbCy cutting the second vertical in c, we 
have be for the second segment of the arch, being in 
the line of ^, which represents the resultant of the two 
forces acting at b ; namely the weight at &, and the 
thrust of ab* 

In like manner, take im, representing the weight at 
e^ and the straight line met/, meeting the third vertical 
in d^ gives cd as the third segment of the arch. 

Repeat the same operation for each of the tucceed- 
ing segments de^ e/, Ac, till the arch is completed, and 
it is obvious that the forces acting at each of the several 
angular point%6, c, d^ Ac, are in equilibrio; and that 
the arch throughout is, theoretically, in a state of 
equilibrium. 

We may vary this process so as to secure greater 
accuracy ot construction, in the following manner : 
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ProduciDg Ibc till it meets Cl in Vj we see that aM and 
lAv are similar triaDgles, and al: uv :: horizontal dis- 
tance of I : horizontal distance of Vy from the point 
6. Hence, we may take the point v instead of the point 
2, by which to establish the position of the line bCj and 
thereby secure greater relative accuracy of measure- 
ment. 

So may we also take w% or W instead of bm^ to de- 
termine the line cd. By this means we multiply the 
small spaced al^ bm, ftc.^ and diminish the amount of 
error in measurement, and if the angular points, or 
nodes be at uniform horizontal distances, the process is 
very simple. 

LXXn. We have assumed, in describing the arch 
a, 6, c, rf, &c., a uniform distribution of load, horizon- 
tally. But the general process is obviously the same 
for an unequal distribution, after locating the first seg- 
ment ab ; whicfh we may do by first ascertaining the 
amount of bearing at a, due to the load of the arch. 
This will be to the whole load, as the distance of the 
centre of gravity of load from A, horizontally, to the 
whole chord ak. For instance, if the centre of gravity 
be halfway between Cand A, one quarter of the load 
bears at a. The weight bearing at a, whatever it be, 
may be tepresented by A; and supposing it to exert 
the same horizontal thrust at a as half the load (W), 
would do when uniformly distributed, we take u' in 
ft, so that J W : A : : uC: u'C* Theif au' gives the 
direcuon of a&', and we proceed in the same manner 

* We may aasame any amount of horizontal throBt, and the greater 
the assamed thrust, with a ^iven load, the lees will be the depth of 
the arch, and vice versa. It is proposed here to construct an equili- 
brated arch a', hid d,'&c., of about the same rise at the crown, as the 
normal curve, a, b e, d, &c, has. < 
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as before using the weights given for the several nodes 
of the arch, to determine the points c', d!y &c. These 
being connected by straight lines, we have an equili- 
brated arch adapted to the given distribution of load. 

TiXXTTT. But of course, this arch will not stand 
under any other disposition of the load. To obviate 
this difficulty, and to construct an arch which will 
stand under a variable load, without the chord au(7 
counter-bracing of the arch truss, the device has been 
adopted, of constructing the arch of such vertical width 
that all the equilibrated arches or curves, required by 
all possible distributions of load; may be embraced 
within the width of the arched rib. Then, if there be 
sufficient material to oppose and withstand the forces 
liable to act in the lines of said several equilibrated 
curves, complete vertical stability must result. 

The proper width, or depth of the arched rib, will 
depend upon the length and versed sine of the arch, 
as well as the amount and distribution of load ; and 
the material will act most efficiently, when mostly dis- 
posed in the outer and inner edges, or members of the 
rib, and connected, either by a full, or an open web, to 
distribute the action between the outer and inner mem- 
bers, according as the resultant line of action approaches 
the one or the other of those members. 

The normal form of the arch should be such as to 
be in equilibrio under a uniform load,"*" and hence it 
will be parabolic, as to the movable load, and the 
weight of road-way, and catenarian, as to the weight 

* The method aboYe explained, for deBcribing an equilibrated arch, 
is applicable to all cases where the load, both constant and yariable 
actinjiT on the several parts of the arch, is known, whether it be the 
normal curve, adapted to a full load, or a distorted curve, suited to an 
irregular distribution of load. 
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of arches (as far as they are UDiform in section), and 
should approach the one or the other form, according 
to the weight of arches, as compared with the other 
weight to he supported thereby. 

The distance between outer and inner members, or 
the width of web, reckoned from centre to centre of 
those members, should be such that no condition of 
unequal and partial load, could throw greater action 
at any point of either member, than the extreme uni- 
form load would throw upon both. ' 

Let us suppose that the curve a, 6, e, rf, etc., be cen- 
trally between the two members and that dd\ and AA' 
be the greatest vertical departures, inward and outward, 
of any equilibrated curve, from the normal curve a, 6, 
c, etc. 

Let us further suppose that the thrust of the arch 
at the points d and A, be | as great under the load act- 
ing in the curve of greatest departure from the normal 
as the extreme uniform load produces at those points. 
Then, if the outer and inner members of the rib, be 
placed at a distance of six times the greatest departure 
of the distorted from the primary, or central curve, 
one member will be twice as far from the line of action 
(at the point of greatest departure), as the other, and 
the latter will sustain two-thirds of the action, equal 
to one-half the action of the full load, and the same as 
in the latter case. 

If the width of web be less than six times the great- 
est aberration of the distorted curve, the action, under 
the suppositions above, will be greater upon one mem- 
ber than that due to a full uniform load ; a condition 
altogether to be avoided. 

A few trials at constructing curves adapted to as- 
sumed possible distributions of load, may determine 
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Batisfactorily what condition gives the curve of great- 
eat distortion and the greatest departure from the nor- 
mal ; and the amount of action under that condition, 
can he readily calculated with sufficient nearness, 
whence the proper width of web may be deduced. 

LXXIV. The points of the equilibrated curve may 
be located by calculation, and perhaps with as much 
ease, and greater accuracy than by construction* 

Suppose Fig. 22 to have a vertical depth, CjT, equal 
to one of ten equal sections of the chord ak. Having 
found the length oiJ\ in the manner already explained 
[lxxi], it is known that for a uniform load at each 
angle, the vertical reaches of the several segments, 
begining at the centre, are as the odd numbers, 1, 3, 5, 
7 and 9 ; and, if we conceive Cf to be divided into 25 
equal parts (25 being the sum of these numbers), each 
of these parts will be equal to 0.04Qf, or .O-lt?; and this 
factor, multiplied by the numbers 1, 8, 5, &c., give tbo 
vertical reaches of the respective straight segments, 
which vertical reaches being substracted successively 
from Vy and successive remainders, show the several 
verticals to be as follows: At the centre,/, vertical = 
Cf^v. At e, vertical =» i? — .04«? « .96i;. At rf, verti- 
cal =■ (.96— .12)y — .84t?; at c, vertical « (.84— .2)i; « 
.64i?, and at 6, vertical >* (.64 — .28)i;, « .861;. This es- 
tablishes the normal curve for uniform load. 

Ifow, supposing the weight of structure to be equal 
to \w at each of the angles of the arch, and also, that 
a movable load of a like weight, U7, be acting at each 
of the five points/, ^, A, f, j ; the permanent weight of 
structure gives a bearing of 4.5u? at a, and the movable 
weights at /, ^, A, &c., give respectively .5ir, :4m?, .8u7, 
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.2w, and .lir, together, equal to 1.5w ; makiDg the 
whole bearing at a, equal to 6m?, which is i^th lesB than 
if the same weight were distributed uniformly. 

Then taking O' =■ f Ci£, and drawing the line au', 
(not shown in the diagram), we have the inclination of 
cib\ the first segment of the required curve, which gives 
the sanxe horizontal thrust at a, as the normal curve 
would exert under the same load uniformly distributed. 
We find /a («/«), by the proportion. 

Cfifs:: ai*(-6i?):sr«(=T5i?'::25i;*:20.25«*::P 
: .81y; and, reducing l.Sli; (=«(7m), by one-seventh, we 
obtain CV = 1.5514i7. This length is to aC : : A (=»6«?), 
: horizontal thrust of ab' ; that is (making i'=l), 1.5514 

: 5 : : 6m7 : -?5^ = 19.33M7, = horizontal thrust ab. 

1.5514 

Now, if this thrust be represented by i<iCy = r=l, 
then w will be represented by a space equal to j^^, ** 

.05178, which is equal to the vertical departure (D), of 
Vc' from ab'a'» Knowing the value of this departure 
which, of course, is directly as i;, and inversely as aC), 
we can locate the points c', d', e' and^, by their verti- 
cal distances from au\ as follows : The vertical at V^ is 
evidently equal to ixl.5514, « .81026; consequently, 
the vertical at (?' « 2x.31026 — .05178 — .56879. Ver- 
tical at df =- 8X.81026— 8x.05178 — .77659. Vertical 
e! » 4X.31026— 6X.05178 — ,98068, and the vertical at 
fy equals 5 X. 81026— lOx. 05178 « 1.084, showing that 
the new curve crosses the normal, between e and /, and 
/ is above/, but not shown. 

Then, if each of the segments 6V, c^d', Ac, be pro- 
duced to meet the indefinite vertical drawn through a, 
tliey will evidently cut that line at intervals of D, 2D, 
3D and 4D together, equal to 10 D, — .5178. Then, 
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the weight at/ being equal to 2a?, it follows that fg' 
makes twice the deflection from e'f that the latter 
makes from d!t\ that is, equal to 2I> in the horizontal 
distance of li;, or 1, or lOD (= .5173), in the distance 
aC^ or 5. Hence, /^' produced, cuts the vertical at n, 
twice as high as ^f cuts it, or, at a point 1,0346 above 
a; being just as high as the point /^; except a small 
difference resulting probably from omitted fractions. 
This shows that f^ is horizontal, and tangent to the 
curve at its vertex. 

It follows that all the weight at/', and at the left of 
that point, is brought to bear at a, aud all that at^', 
and on the right thereof, bears at k. This affords a 
check upon our work thus far, as we already knew 
that the bearing at a was equal to 62^, and we now see 
that this is made up of \io at each of the four points 
h\ c', d', e', and 2m? at /'. If/'/ were not horizontal 
the arch could not be in equilibrio under the assumed 
condition of load. 

Now, as. we manifestly have for the 4 remaining 
segments, d vertical reach for each, as the weights 
they respectively sustain; i. e., equal respectively to 
2D,4D,6D,and8D; making 20D(=(3P); altogether, we 
have only to subtract these quantities successively from 
Of' (=1.0846), to obtain the lengths of verticals at A.', 
i\ j'; as follows :- 

1.0346 -r. 2 X .05173 = .93114 = vert, at A' 
.93114 — 4 X. 05178 -.72422= « " i' 
.72422 — 6 X. 051 78 = .41384= " " / 
.41884 — 8 X. 05178 = " « k 

The differences between these lengths of verticals, 
and those of the normal curve at the same points, show 

16 
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the aberrations vertically ^ of the distortedyfrom the nor- 
mal curve^ as below. 



Nor. Dltt Below. 


Abora. 


66'».86— .81026-.04974 


« 


cc' -.64— .56879-.07121 


u 


d(/'-.84— .77559-.06441 


« 


ee = .96— .98068-.02952 


« 


DiBt. Nor. 




Sf -1.034 —1.00- 


.084 


i?flr'-1.084 — .96- 


.07446 


M'- .98114-.84- 


.09114 


ii' - .72422— .64- 


.08422 


}■;'- .41384— .36- 


.05384 



LXXV^ From this exhibit, we perceive that the great- 
est vertical aberration externally forthecondition of load 
here assumed, is at AA^, and equals .0919, and the great- 
est internally, at cc' (or a little to the right of these 
points in both cases), equal to .OTlt;, traversing a zone 
equal in width to .162^. nearly \ of the versed sine of 
tlie normal curve. 

Now, we have seen that the horizontal thrust of the 
arch for a gross load of 14i£7, equals 19.28ir, with the 
assumed proportion of versed sine to span, as 1 to 10, 
whether upon the normal or the distorted curve ; and, 
the thrust being evidently as the gross load, other 
things the same, it follows that, with the full gross 
load of \%w^ or %d at each angle, the thrust would be 
to 19.88i^ as 9 to 7. Hence the load, as above assumed, 
produces |, or 77 j\ percent of the maximum thrust 
under the full uniform load. 

The uniform load being supposed to act equally upon 
the outer and inner members of the rib, the action of 
50 per cent is due to each ; and, in order that neither 



J 
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member, at the nearest approach to the equilibrated 

■ 

curve, may be subjected to greater stress than under 
the greatest uniform load, the web should be so wide 
that (assuming the outward and inward aberrations to 
be each equal to the mean of .O8I1;, and putting xa 
width of web), x\ Ja:+.081i? : : 77.7 : 50. "Whence 50a; 
=38.88a:+77.7x.081i?; and a:«.567u. 

But this value of re being equal to the distance verti- 
cally across the web between e and d, or between A and 
i, is greater than the distance square across, about in the 
ratio of distance from a to/, to the line aC^ in this case 

as>^26 : 5. ' The actual width of web, therefore, is only 
.545r, still considerably more than half the versed sine 

The condition of load here supposed, may or may 
not be the one requiring the greatest distortion, of the 
equilibrated curve. The case has been assumed to 
illustrate this discussion, as it seemed likely to be near 
the condition requiring the greatest width of web ; 
and I leave this part of the subject, without attempt- 
ing a more general and determinate solution of the 
question. 

LXXVI. The movable load has been taken as only 
equal to the weight of superstructure, upon the suppo- 
sition that this style of bridging would seldom be 
adopted, except for very considerable lengths of span, 
where the weight of superstructure is relatively greater 
than in case of short spans. 

This double arch, as here under consideration, con- 
sisting of an outer and an inner curved member, con- 
nected by a web, in order to act most efficiently should 
be so adjusted that the outer and inner members may 
be subjected to equal action under a full maximum, 
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uniform load. Hence, the normal and equilibrated 
curves, representing the line of the resultant of forecs 
acting upon the arch, have been assumed as terminat- 
ing at each en3, at points centrally between the ex- 
tremities of the outer and inner curved members. 

It might seem possible that the distorted curve 
adapted to the above assumed condition of load, might 
so fall as to recross the normal between the points of 
greatest departure and the ends, and thus diminish the 
extent of aberration, and the necessary width of web. 
If the curve a, 6', (/, etc., be turned upon its centre, by 
raising the end at a, by ^rds of the greatest departure, 
that is, by §X.081i;,=».054i;, the aberration half way 
between a and /, where it is at or near its maximum 
point, would be reduced by .027t?, and become .054p 
just the same as at the end. The other end would drop 
to the same extent, and would reduce the outward 
aberration in the same degree. This, of conrse, would 
be the least possible extent of aberration ; and if we 
could rely upon the resultant stress following this curve 
in such a position, it would enable us to diminish the 
width of web to .8642;. 

But there seems to be no obvious reason why we 
should assume the equilibrated curve to take the posi- 
tion just described, rather than one with the left end 
below a, and the other above A, thus increasing instead 
of diminishing the aberration. Hence, in the case of 
an arch ribbed bridge, liable to a movable load equal to 
the weight of structure, foot for foot, upon the whole or 
any part of its length, if the web of the ribs be less 
than 86-lOOth, of the versed sine (QTFig 22), certainly, 
and if less than 54~100ths probably^ the material in the 
principal members is liable to greater strain in some 
parts, under a partial, than under the extreme load ; 
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which would be decidedly an unfavorable condition, 
with regard to economy. 

LXXVn. The operation of the web in distributing 
the action upon the outer and inner curved members 
of the rib, and transferring it from one to the other, 
may be understood by the diagram Fig. 23, exhibiting 
said curved members, connected by a web consisting 
of a simple system of diagonals, capable of acting by 
thrust or tension as may be required. 

The normal curve is represented parallel with, and 
midway between the curved members ; and the equili- 

Fio. 23 




brated curve is represented as crossing the normal 
near/, meeting it again at a and &, at the ends; and 
having its greatest aberrations at c and h. It is mani- 
fest that the action of the outer member at t, is to that 
of the inner one at j, as jA to ih (inversely as their dis- 
tances from the distorted curve), and that the action 
upon the outer diminishes, while that of the inner one 
increases each way from i and J, until the action upon 
the two becomes equal at the meeting of the curves at 
kj and at the crossing point near/. Hence the dia- 
gonals leaning toward the point t must act by thrust, 
while those leaning fromjj act by tension. On the 
tontrary at dj where the greatest compression is upon 
the inner member, and diminishes each way, the dia- 
gonals leaning from e, act by thrust, while those lean- 
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iDg toward c, act by tension. The tension diagonals 
are represented by single, and the thrust diagonals, by 

double lines. 

But the action changes more or less with every 
change in the position of the load, and if the load were 
reversed upon the two halves of the arch, each dia- 
gonal here represented as acting by thrust, would then 
act by tension, and vice versa. 

Now, assuming that dc » \ct^ and that the action 
upon the inner member at this point equals twice that 
of the outer one, it follows, since the action should be- 
come equal upon the two at a, that | of the whole 
thrust of the rib must be transferred from the inner to 
the outer member between c and a, by the thrust and 
pull of diagonals, exerted in the direction of the normal 
curve ; the action accumulating and increasing upon 
successive diagonals each way from e, and in like 
manner from h. 

The action of diagonals is still further affected by the 
transfer of the action of load, from the outer to the inner 
mem ber ; the load being first applied directly to the outer 
curved member. Hence it becomes a somewhat com- 
plicated problem to determine the maximum action 
of diagonals ; especially as the complication becomes 
increased by taking into account the 

Effects of Tbmpsratttrb. 

LXXVilL. The.expansion and contraction of metallic 
arches without chords, the ends remaining fixed as to 
position and distance asunder, must obviously cause 
the intermediate portions to rise and fall with the 
increase and decrease of temperature. 

The outer and inner members, if parallel, being 
similar concentric arcs, will rise and fall, by the same 
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changes of temperature, proportionally to their respec- 
tive radii ;* the outer one undergoing the greater ver« 
tical change, whence, it must follow that in warm 
weather the outer, and in cold weather the inner 
member sustains the greater relative compression , a 
result for which there appears to be no obvious remedy, 
except by balancing the end bearings upon pivots at a 
and k; which would allow the two curved members to 
adjust themselves to an equal action upon the two. 
Or, if the curves be formed upon the same radius, and 
of equal length, they would rise and fall alike, and the 
distance across the web vertically* would be the same 
at all parts of the arch. 

In this case, as in all others, of the arched rib, the 
depression of the arch, whether from reduction of tem- 
perature, or the action of load, would be attended by 
increased thrust action, or diminished tension action 
upon diagonals less inclined from the vertical position, 
and the reverse of action, upon those more inclined. 

The absolute rise or fall of an arch, resulting from 
a given change of temperature, may, without essential 
error, be regarded as proportional to the change in the 
length of a circular arch of the same span and depth 
(from chord to vertex), within the limits of change 
produced by temperature ; and, may be foun^ by the 
following process : 

Divide the square of the half chord by the depth of 

arch {v)j add the divisor to the quotient, and half the 

sum equals the radius. Divide the half-chord by the 

. radius, to get the natural sine of half the arc ; find 

i in the table of natural sines, the angle corresponding 

» 

* The carves not being Buppoeed to be drcnlar arcs, it is not strictly 
correct to speak of their radii, bat the meaning will be comprehended. 
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with the sine thus foand, and doable that angle, for 
the number of degrees in the arc. Multiply the num- 
ber of degrees (reducing minutes and seconds to the 
decimal of a degree), by .01745829 (— length of a de- 
gree, radius being equal to 1), for the length* of the arc 

Then, in the same manner, find the length of an arc 
upon the same chord, and with a depth (r') one or two 
per cent greater or less than v ; and, the difference ia 
length of arcs thus found, is to the difference between 
V and t/y as the change in length of arch due *to the 
given change of temperature, to the rise or fall of the 
arch, resulting from such change. 

By applying this rule to a specific case, we can the 
better appreciate the importance of the effects of change 
of temperature upon this species of arched ribs. If we 
assume an arch of 500 feet chord and 50 feet depth, «27, 
we find the length of arc to be 513.25 /if. The length of 
an arc of the same span, and a depth {v') » 51 fL^ is 
513.715 /if., the difference being 0,465//. The expan- 
sion of steel for a change of 110*^ Fahrenheit, is 
.0007271 X length (613.25), « .87818. We have, there- 
fore, .465 : Ift. : : .87818 : .8«5/if. — rise or fell of the 
arch in the centre, resulting from a change of 110®. 

Regarding this rise in the centre as the abscissa of 
a parabola, and the half chord as the corresponding 
ordinate, the rise at any other point of the curve is 
equal to the difference between .8025, and the abscissa 
answering to the ordinate of the given point. 

Suppose the point be 10 feet from the end, and the 
ordinate, of course, 240/f., we have, 250* : 240* : : .8025 
: .7395 =■ abscissa for the given point ; whence, the 
rise at that point, equals ,8025— .7895 — .068/f, 
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Let Fig. 24 represent the end portion of the arch, abe 
the upper, and gc the lower member, ag and be the 

width of web,— 12'. fl6, with a 

Pxo. 24. horizontal reach of 10', equals 

?fA 10.75'. Then, bg being re- 

"p""" 'ri';;/.-**^;^;:^^ garded as a rectangle, the 

51 "P^^^jgC"^"^ U\ diagonal aca» 16.1ft and the 

temperature being raisedllO^,' 
the points 6 and c rise to 6' and 
c', 66' being equal to the ver- 
tical rise multiplied by the 
cosine of the angle a6rf, i. e., 
equal to .062 X cosine abiL 
This angle is a little over 22°, and its cosine about .9S 
whence 66'=«.058ft,«=(?c'. Joining a with c', and draw- 
ing ^y at right angles with ac, and ac' (as these lines 
are essentially parallel), we have cf^=c</x sin. acb^<:(f 
X — =.038ft,s« the contraction required to take place 
in the length of the diagonal oc, to accommodate a 
change of 110° in temperature. 

In the mean time the point e rises to e', tho distance 
ce' being equal to .1147, so that &ef is extended about 
the same as acf is contracted; a change equal to what 
would be produced by a force of 70,000 fcs to the square 
mch of cross section, 

If the normal length of the diagonals be adjusted for 
a medium temperature, the change would be half the 
above amount each way, or equal to that produced by 
85,000 &>s to the inch. 

Succeeding diagonals toward the centre would be 
affected in a similar manner, though in a less degre(^ ; • 
and the consequence must be an accumulation of thrust 
or compression upon the inner member toward the 

centre, and the outer one toward the ends, upon a rise 

17 
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of temperature, and the reverse on a fall below the 
normal point. 

« 

Thb Width op Wbb. 

LXXXIX. For an arch of 600 ft- chord, and 50 foot 
depth. We have seen that, with a load as assumed 
[lxxiv], with reference to Fig. 22, the aggregate aber- 
ration outward and inward, traverses a zone of .162i?, 
equal in this case, to .162 X 50 «■ 8.1 ft. If the web, 
therefore, be 8.1 feet wide between centres of curved 
members, the equilibrated curve will reach the centre 
of said members at the points ot greatest aberration, 
both ways, and the whole thrust at these points, will fall 
upon a single member, producing as we have already 
seen, 77 ^\ per cent of the amount of thrust due to a 
maximum uniform load ; being over 55 per cent more 
stress under a partial than under a full load. 

Again, suppose the web to be 12 feet jvide. The 
distorted curve would approach within two feet at the 
outer and inner curved members, throwing upon one 
member at one point, and upon the opposite member 
at another point, almost 80 per cent more action than 
what is produced by the full maximum load. It was 
shown moreover [lxxv] that nothing short of .545r= 
.546x50=27.25 feet width of web, could be relied on to 
give as small a stress upon the curved members in this 
particular case of a partial, as that produced by a full 
maximum load. • 

This would be an inconvenient, and an expensive 
width of web, and probably a less width would be pre- 
ferable, even with a greater occasional stress upon the 
curved members which might be enlarged in section 
in parts liable to the greater stress. But I shall not 
undertake at this time, to determine the exact optimum. 
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Finally^ consideriDg the difficulty of securing the 
most efficient thrust action of the curved members of 
the arch, the serious disturbances as to the action of 
the diagonals composing the web system, occasioned 
by changes of the temperature, together with the extra 
weight and strength of piers and abutments to with- 
stand the horizontal thrust of the arches, it seems rea- 
sonable to conclude that the erect metallic arch bridge 
will only be adopted under rare and peculiar circum- 
stances ; and that in such cases, the plans should be 
subjected to especial examination and investigation. 

Truss bridges possess the advantage of having all 
the forces in operation, except the vertical action of 
weight, and the opposite resistance of the end supports 
resisted by means of members contained within the 
structures themselves, and composed of materials of so 
nearly uniform expansibility by heat, that no important 
disturbance in the relations of the different members, 
can be produced by changes of temperature. Plans, 
also, may be so arranged as to secure a near approxi- 
mation to uniform maximum stress upon all the parts ; 
at least, to a much greater degree than seems practica- 
ble in the case of the arch without chords. 
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BRIDGE MATERIALS. 

LXXX- Having discussed the general principles 
and relative characters and merits of different plans 
and forms of bridge trusses, and their proper propor- 
tions, particular and general, the question as to the 
best materials for the purposes of bridge constraction 
may properly be considered. 

We have seen that the materials of a bridge truss 
are principally subjected to two kinds of action, that 
of tension, and that of compression. Lateral, or trans- 
verse action should be avoidedln the principal parts 
and members of the truss. 

It is obvious then, that those materials best calcu- 
lated to resist these kinds of force respectively, should, 
when practicable without sacrifice of economy, be em- 
ployed in the situations where those forces are respect- 
ively exerted. For instance, when the diagonals act 
by tension, the upper chord (or the arch, in case of 
the arch truss), and the verticals, should be composed 
of the material best adapted to the sustaining of ^com- 
pressive force, while the lower chord and the diagonals, 
should be of the* best material for sustaining tension. 

Wood and iron are the only materials that have been 
employed in the (Construction of bridge superstructures 
to an extent worthy of notice ; and it seems reasonable to 
conclude that on these we must place our dependence. 

Cast iron resists a greater compressive force than 
any other substance whose cost will admit of its being 
nsed as a building material. Steel has a greater power 
of resistance, but its cost precludes its employinent as 
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a material for building purposes.* Wrought iron re- 
sists compression nearly equally with cast iron. But 
its cost is twice as great, which gives the cast iron a 
decided advantage. 

On the other hand, wrought iron resists a tensile force 
nearly four times as well as cast iron, and 12 or 15 
times as well as wood, bulk for bulk. 

Kot only are these the strongest materials, but they 
are also the most durable. In fact, with proper pre- 
cautions, they may be regarded as almost imperishable. 

It would seem then, that wrought iron for tension, 
and cast iron for compression, were the best materials 
that could be employed in building bridges. But 
wood, though greatly inferior in strength and dura- 
bility, is much cheaper and lighter, so that, making up 
with quantity for want of strength, and by frequent re- 
newals, its want of durability, it has hitherto been 
almost universally used in this country for bridge 
building ; and, in the scarcity of means, and the un- 
settled state of things in anew country, where improve- 
ments are necessarily, to a great extent, of a temporary 
character, this is undoubtedly the most economical 
material for the purpose. 

But it is believed that the state of things has now 
assumed that degree of settled permanency in many 
parts of this country, and available means have accu- 
mulated to that extent which renders it consistent with 
true economy to give a character of greater permanence 
• to our improvements ; and, in the erection of import- 
' ant works, to have more reference to durability, even 
at the cost of a greater present outlay; In this view 

* This remark, made originally some twenty-five years ajifo, may re- 
quire some modification at the present time, when steel is boin^ em- 
ployed extenslTely for rail way track, affi in some important arch and 
snflpension Ittidges ; but not in tniss bxidgep, to the writer's knowledge. 
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of the subject, it seems highly probable that one of the 
channels in which this tendency of things will develop 
itself, will be in the extensive employment of iron in 
the construction of important bridges. With this im- 
pression, I proceed to some general comparisons as to 
the relative cost and economy of wood and iron as 
materials for bridges. 

LXXXL The power of cast iron to resist compres- 
sion, equals some twenty times that of wood ; conse- 
quently, it will only require one twentieth as much of 
the former to withstand a given force, provided it can 
be put into a form in which its liability to flexure, and 
yielding laterally, is not greater than that of wood. 
This tnay be accomplished in part, by giving the iron 
a hollow form, so as to make the diameter of the pieces 
approximate to an equality with twenty times the same 
amount of wood, which must generally be used in a 
simple rectangular, or cylindrical form of section. 

Assuming, then, that a cubic foot of cast iron will 
do the same work as 15 cubic feet of wood (after mak- 
ing allowance for the necessarily smaller diameter of 
the iron), we can institute a comparison which would 
seem, upon the surface, to show the relative economy 
of the two materials. 

A cubic foot of cast iron, manufactured for the work 
will cost about $13.00. 15 cubic feet of woodinabridge 
will cost, say $6.00. Whence it appears that the cast 
iron is more than twice as expensive, in the first outlay, 
for sustaining a compressive force, as wood. 

Again a cubic foot of wrought iron in the work, say 
450 lb at 7 Jets. =$84.00. 

Wood is about ^ ay trong as iron. But about one- 
half of its fibres must be separated in order that the 
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other half may be so counected in the structure, as to 
be available to their full strength, acting by tension. 
Hence, it will take some 80 feet to equal one of iron ; 
for which it will cost, say $12 ; showing a diflTerence of 
a little less than three to one ; making the average for ^ 
both kinds of iron, reckoning equal quantities of each, 
about 2.6 to 1. 

To offset against this, we have the superior durability 
of the iron, which, as before observed, may be regarded 
as imperishable ; whereas, wood requires frequent re- 
newals, at a cost each time, equal to the first outlay. 
Now, the first cost of the iron is sufficient to provide 
for the first cost of the wood, and nearly two renewals. 
Besides this, money, though an inanimate substance, 
is, nevertheless, in these usurious times, made to be 
exceedingly prolific ; insomuch, that with good man- 
agement, it is found to double itself once in ten or 
twelve years, according to the hardness of face in tho 
lender, or o{ fortune in the borrower. 

Assuming 5 per cent per annum as the net income 
of money invested, the term of time in which the 1 ,Yiy 
dollars saved in the wooden structure, will require to 
produce one dollar for renewal, will show the time that 
wood ought to last, to be equal with iron in economy. 

One dollar and sixty cents at compound interest will 
yield, at 5 per cent, one dollar in a little less than ten 
years. Therefore, if an imperishable iron structure 
cost 2.6 times as much as one of wood, and the latter 
last but ten years, and money will net 5 per cent, com- 
pound interest, the two materials are nearly upon a par 
as to economy. 

Experience has shown that wooden bridges, unpro- 
tected by roofing and siding, seldom last with safety 
over oight years, or thereabouts ; and, the more there 
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be expended to increase the durability, the less surplas 
capital will be left to be invested toward renewals. 

LXXXIL But the above comparison is too super- 
ficial and general to be entitled to a great deal of con- 
fidence, except, perhaps, as it regards the sustaining 
of a given weight by a simple post, or suspending it by 
a bar or rod of iron or wood. In the complicated as- 
semblage of pieces forming the superstructure of a 
bridge, there are numerous other facts and considera- 
tions which materially vary the results. First, there 
is a difficulty in connecting pieces of timber in such a 
manner that every part may be proportioned to the 
strength required of it, to the same extent as can be 
done with iron. Second, it is frequently necessary to 
use considerable quantities of iron in bolts and fastenings 
for putting together a structure of wood requiring great 
stability. Third, wood soon loses a portion of its 
strength by partial decay, and consequently, requires 
additional strength in the beginning, that it may be 
safe for a time after decay has commenced. 

Hence, but little can be predicated upon the simple 
general comparison of wood and iron as to strength 
and cost, relative to the comparative economy of the 
two materials for bridge building. 

It is only by comparing the results of actual experi- 
ence, or, where this has not been had, by comparing 
the results of detailed estimates, upon well matured 
plans, founded on well established principles, that a 
satisfactory conclusion can be arrived at. 

With regard to wooden bridges, much experience has 
been had, and the reasonable presumption is, that a good 
degree of economy has been attained in their construe- 
tiou. But the idea of building iron bridges in thi# 
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country, is of recent date, and but little has been experi- 
mentallj proved in relation, to their cost and qaalities. 

LXXXm. This much, however, my own experience 
has demonstrated. Having received Letters Patent for 
an " Iron Truss Bridge,*' upon the arch truss plan, and 
constructed two bridges thereon, over the Enlarged 
Erie Canal (of 72 and 80 feet spans), one of which has 
been in use for six years, it may be regarded as a de- 
monstrated fact, that bridges may be sustained by 
iron trusses'. It has also been shown that the cost of 
the above class of bridges, is only about 25 per cent 
more than the same class of bridges of wood, Ss hereto- 
fore huilty under the most favorable circumstances, upon 
the Erie Canal. That the iron portion, constituting 
some three-fourths of the whole, as regards expense, 
in the iron bridge, gives fair promise of enduring for 
ages, while tllfe wooden structure can- only be relied on 
to last eight or ten years. 

Upon these facts, experimentally established, I found 
the following comparison : 

A common road bridge of 72//. span (the usual 
length for the enlarged Erie Canal), will cost, with 
iron trusses : 

For 7,000 Bbs.ofcast iron at Sets., $210. 

•* 6,000 ** " wrought iron, manufactured 

for the work, at 7ct8., 420. 

" Timber, labor and painting, 280. 

^^ Superintendence and profit, 80. 

Whole first cost, $940. 

$175 will renew the perishable part once in 
9 years, to produce which, at 5 per cent 
compound interest will require capital of, 820. 

Total for u perpetual maintenance, (1,260. 
18 
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With wooden trusses, fastened with iron 

for timber, labor, paint and profit, $550. 
** 2,000 9t>8. of iron fastenings, 150. 

Whole first cost, $700. 

(Some have cost $1000, or $12,000, and taken 

3 to 4 thousand poands of iron) 

To renew $550 worth of perishable material 

once in 9 years, will require, at 5 per 

cent, compound interest, $1,000. 

Total for perpetual maintenance, $1,700. 

The reason of the apparent difference between this 
result, and that arrived at from the general comparisoa 
of the cost, &c., of wood and iron, is, that the bridges 
here referred to, have been constructed with a veiy 
large amount of iron fastenings, and with large quanti- 
ties of casing and painting for protection and appear- 
ance. Were the comparison confined 8|rictly to the 
expense of timber work, in the sustaining parts of the 
trusses, the result would be found not to differ so es- 
sentially from that of the general comparison. 

The above estimate of $700, for the first cost of a 
72 foot wooden bridge, though considerably below the 
average cost of canal bridges of that description, is 
nevertheless believed to be greatly above the minimum 
for which bridges may be built, dispensing with the 
parts which are not essential to strength. 

It is probable that bridges may be built for $500, as 
about the minimum, of equal strength and convenience, 
and nearly the same durability, as those hitherto built 
upon the Erie Canal Enlargement at a cost of from 
800 to 1,000 dollars. Upon this supposition, which 
may be regarded as an extreme case in favor of wood, 
the comparison will stand thus : 
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First cost of wooden structure, $500 

Capital invested at 5 per cent to produce $500 
once in 9 years for renewal, 909 

Total for perpetual maintenance, $1409 

The same for iron structure, as above, • 1260 

Balance in favor of the iron bridge, $149 

Fii^l]y, since theoretical calculation and general 
comparison show a probable advantage, for a long term 
of time, and experience, as far as it has gone, shows a 
decided advantage in favor of iron, it would seem very 
unwise to discard the latter, without at least a fair 
trial of its merits. If in the first essays at iron bridge 
building, the iron bridge has competed so successfully 
with wooden bridges, improved by the experience of 
ages, may not the most satisfactory results be antici- 
pated from an equal degree of experience in the con- 
struction and use of iron bridges ? 

LXXXrV. Presuming the affirmative to be the 
only rational answer to the above question, I have ar- 
ranged the details of plans for carrying into practice 
the preceding principles and suggestions in the con- 
struction of rail road bridges of iron. 

I have also made careful detailed estimates of the 
expense of bridges of different dimensions and in dif- 
ferent circumstances, some of the more general results 
of which I will here state. 

In proportioning the parts of a rail road bridge, 1 
have assumed that it may be exposed to a load of 2,Q,00!bs. 
per foot run, for the whole, or any part of its length, in 
addition to its own weight; and in case of tension, have 
allowed one square inch cross section of wrought iron 
for every 10,000 fts. of the maximum strain produced 
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upoD every part by such weights, acting by dead pres- 
sure. In case of (hrust, or crushing force, I have al- 
lowed one square inch cross section of cast iron, for 
every 12,000]b8. acting on pieces (mostly in the form ol 
hollow cylinders), of a length equal to 18 diameters, 
and a greater amount of material, where the ratio of 
length to diameter is greater; always having regard 
to practicability, as well as theoretical proportions, in 
adjusting the dimensions of the part. * 

My estimates, made upon these bases, have fully bs^ 
tisfied me that a bridge of 100 feet span, with track 
upon the top (with wooden cross-beams), will cost about 
$2,000, or $20 per foot, assuming the present prices 
of iron (1846), in ordinary circumstances. If the track 
pass near the bottom of the trusses, the expense will be 
increased by two or three dollars a foot. 

For a span of 140 feet, by- a liberal detailed estimate 
I make, in round numbers, a cost of $4,000. For 70 
feet, I estimate a cost of 9 to 10 hundred dollars, ac- 
cording to circumstances. 

Thus it will be seen that actual estimate makes the 
cost of a single stretch of any length, very nearly as 
the square of the length, as should be expected from 
the nature of the case. Hence, knowing the cost of a 
span of any given length, we readily deduce that of a 
span of any other length, in similar circumstances, with 
reliable certainty. 

Now, although my investigations have forced the 
conviction upon me, that where strong and durable 
bridges are required, iron should be preferred in their 
construction, still there is a multitude of cases where 
wooden structures should be preferred ; especially in 
sections of country comparatively new, where timber is 
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plenty and capital Bcarce ; and where improvements 
must necessarily be of a more temporary character. 

With this view of the subject, I have given consi- 
derable attention to the details of wooden bridges ; and, 
with a good deal of investigation and experiment, have 
arranged plans which are confidently believed to pos- 
sess important advantages over the plans generally in 
use. 

The preceding few pages have been transcribed from 
-the author's original and first essay npon bridge build- 
ing; and are introduced here, not on account of any 
practical value they may possess in the present state of 
progress in the science of bridge construction. But 
they may possess some little interest a^ marking about 
the starting point of the construction and use of Iron 
Truss Bridges. 

If the estimates above exhibited, of the cost of iron 
bridges, appear small and inadequate, under the lights 
furnished by the experience of a quarter of a century, 
much allowance may be claimed on account of the 
change of times and circumstances within the period in 
question. And, when it is borne in mind that the 
author actually contracted for, and built iron railroad 
bridges of 40 and 60 feet span, for (10, and of 146 feet 
for $80 per foot, the estimates above given may not 
seem entirely preposterous, although much higher 
prices are obtained for bridges of like dimensions at 
the present day. 
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PRACTICAL DETAILS. * 

LXXXV. In preceding pages I have endeavored to 
give a short and comprehensive general view of the 
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140,0009bs. ; eeldom less than 100.000 to the square 
inch, in pieces not exceeding in length, twice the least 
diameter. 

But in pieces of such dimensions as must frequently 
be employed in bridge work, fracture would take plaae 
by lateral deflection, under a much smaller force tbau 
what would crush the material. It is therefore neces- 
sary to take into account the length and* diameter, as 
well as the cross-section, in order to determine the 
amount of compression which a piece of cast iron, or 
any other material may be relied on to sustain. 

LXXXVn. The cause of lateral deflection resulting 
from forces applied at the ends, and tending to crush 
a long piece in the direction of its length, is supposed 
to be a want of uniformity in the material, and a want 
of such an adjust of the forces that the line joining the 
centres of pressure at the two ends, may pass through 
the centre of resistance in all parts of the piece. 

These elements are liable to considerable variation, 
and can not be very closely estimated in any case. 
Therefore the 'absolute power of resistance for a piece 
of considerable length, can not be deduced by calcula- 
tion from the simple positive and negative strength of 
the material, but resort must be had to direct experi- 
ment upon the subject ; and, even \^do discrepancies 
should naturally be expected in the results of experi- 
ment, unless the lengths of pieces experimented upon, 
be very considerable. 

In respect to pieces, however, having their lengths 
equal to twenty or more times their diameters, a some, 
what remarkable degree of uniformity is found in their 
powers of negative resistance, and the following for- 
mula, deduced theoretically, though not fully sustained 
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by experiment, may be nsefal in determining approxi- 
mately the relative powers for pieces of similar cross- 
sections, but different dimensions. Tlie power of 
resistance (K), is as the cube of the diameter (d), directly 
and as the square of the length (Q, inversely, that is, 

fi IS as -^. 

The reason of this formula may be illustrated with 
reference to Fig. 25, in which adb represents a post 
loaded at a, so as to bend it into a curve, of the half 
of which cd is the versed sine. It is obvious that in 
this condition, the convex side of the post is exposed 
to tension (or at least, to less compression fjq. 25. 
than the other side), and the concave side 
to compression ; also, that the effect of the 
load at a, toward breaking the post at d^ 
is as the versed sine cd, which is as the 
square of ab. But the power of the post 
to resist rupture transversely, is manifestly ^ - 
as the cross-section of the post (i. e., as the 
square of the diameter), multiplied by the 
diameter. Hence, the power is as the 
cube of the diameter. Now, the ability of 
the post to sustain the load at a, is directly 
as the power to resist rupture, just determined, and 
inversely as the mechanical advantage with which the 
load acts, above seen to be as the square of the length 
of the post. Hence, the formula. 

We shall see as we progress, the relation which this 
formula seems to bear to the results of experiment. 

The following list of experiments made by the author 
some 25 years ago, though few in number, and upon 
a somewhat diminutive scale, nevertheless, may afford 
some light as to the law governing the resisting power 
of cast iron in pieces of different lengths, as compared 
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with their diameters. It may at least enable os the 
better to appreciate the better lights since shed upon 
the subject 



LXXaviil Experimbnts upon thb Nbqativb 
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From experiments 7 and 8, in the above table, it 
appears that cast iron will sustain at the extreme, iu 
cylindrical pieces whose lengths equal about 14J dia^ 
meters, a negative strain of 41,000 to 51,000ft)s to the 
square inch, say an average of 46,000. Square bars, 
according to experiment 9, length equal to 18 diame- 
ters (or widths of side), will sustain about 45,000ft» to 
the square inch. 
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l!fow, a lioUow cylinder of a thickness not exceeding 
about tV ^^ ^be diameter, according to calculation, has 
a stiffness transversely, about 50 per cent greater to the 
square inch than a solid square bar whose side equals 
in width the diameter of the cylinder. Hence, a hollow 
cylinder of a length equal to 18 times its diameter, 
should sustaiu a negative strain of 67,500 Sbs. to the 
square inch. But it should be observed^ however, that 
direct experiments upon the transverse strength of the 
pieces used in the experiments leading to the results 
and conclusions above stated, as to negative strength, 
showed themto possess uncommon strength transversely, 
even to from SO to 50 per cent greater than the fair 
average transverse strength of cast iron ; as will be seen 
hereafter. It is therefore not considered proper to es- 
timate the strength of hollow cylinders of the propor- 
tions above stated at more than 45,000 or 46,000&3. to 
the square inch. 

The hollow cylinder is undoubtedly the form best 
adapted to the sustaining of a negative strain, having 
equal stiffness in all directions. It is therefore highly 
desirable that the power of that form of pieces to resist 
compression, with different lengths, should be ascer- 
tained by a careful and extensive series of experiments. 
But until that shall have been done, and the results 
made known, I shall assume the above estimate upon 
the subject, as probably not very far from the truth ; 
subject, however, to correction, whenever the facts and 
evidences shall be obtained, upon which the correction 
can be founded.* 

In the mean time, since we know not the exact ratio 
between the greatest safe practical stress, and the ab- 

* Since tbe original writing of this paragraph (25 years ago), exten- 
teDBiye experiments and inyestigations haye been made, in the direction 
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solute strength of iron, and therefore should in practice 
keep considerably within the limits of probable safetj, 
it becomes a matter of less importance to know the 
exact absolate strength ; though this, of course, is de- 
sirable. 

LXXXIX. Having decided upon a measure of 
strength for pieces of a given length, we may properly 
endeavor to ascertain the rate of variation for different 
lengths as compared with the diameters. 

It is seen in the table, [Lxxxvin] that two cylindri- 
cal pie.ces of 9 inches in length, bore the one 990, and 
the other 978fibs., giving a mean of 984 pounds. 

Kow, by the formula -^, the same cylinders reduced 

to 4.5 inches, should sustain four times as much, or 
8936fibs. But, . by experiments 7 and 8, we find that 
they bore only 2,580, and 8,218, a mean of 2,899 
pounds. Whence it appears that, the diameter being 
the same, the strength diminishes faster than the length 
increases, but not so fast as the square of the length 
increases ; being about half way between the two. In 
fact, if we examine the results of these experiments 
throughout, we find that the weights borne by pieces 
of like cross-sections, whether round or square, were 
very nearly the arithmetical mean between the results 
obtained by considering them to be inversely as the 
simple length, and as the square of the length, succes- 
sively. 

For illustration ; take experiments 1 and 5. If the 
piece 9 inches long bore 990 9>s., taking Ithe strength 

here indicated, and ingenioas and oonvenient fonnul« dedaoed apon 
the subject involved, which might perhaps, be profitablj substitated 
for the writer's own crade dedactions in this behalf. But, as previously 
remarked on other occasions, the latter may possess interest as affording 
a monument upon the line of the march of progress. 
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to be inversely as the length, we have this proportion 
^ : ^ : : 990 : 1»255. Then, taking the strength to be 

inversely as the sqvbOLte of the length, we have : i. : ^^ 

: : 990 : 1,691. Taking the mean of these results, we 
find (1,255 + 1,591), -4- 2 - 1428. This is the weight 
which, according to the rule, the piece in experiment 
5 should have borne, and it varies only 6fi>s. (less than 
J of one per cent), from what it actually did bear. 

Again, take experiments 1 and 8; in which the 
lengths were as 2 to 1. Supposing the weights to be 
inversely as the lengths, and as the squares of the 
lengths successively, and taking the mean of 'the re- 
sults, we have (1,980+8,960) -4-2-2,970, which is 248ft)8. 
less than the weight borne in experiment 8. But it is 
also 890fcs. greater than that borne in experiment 7, by 
a piece of similar form and dimensions, but an inferior 
specimen. It does not seem, therefore, that the rule 
is widely at fault. 

The same rule applied to experiments 4 and 9, 
lengths being also as 2 to 1, gives 2,784 &>s. as the bear- 
ing weight, and 2,814 as breaking weight for Ko. 9 ; the 
former varying 71fibs. and the latter 24fi>s. from the 
weights shown in the table. Now, if we observe that 
the one broke in a quarter of a minute, and the other 
endured half a minute, it is no extravagance to assume 
that if 1^0. 9 had been loaded with 24&>s. less, it would 
have stood ^ of a minute longer, giving a result in pre- 
cise accordance with the rule. 

From what precedes, it is believed that the following 
may be adopted as a safe practical rule for deter- 
mining the power of resistance to compression, for 
pieces of similar cross-sections, after knowing from 
experiment, the power of a piece of given dimensions, 
and similar cross section. 
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Rule : Make the power of resistance as ~|, and as ~- sue- 

cessiveli/j and take the mean of the results thus obtained^ as 
the true result ; D representing the diameter (or width j>f 
Bide, in square pieces), and L, the length of the piece. 
This rule will be probably apply withoat material 
error, to pieces of lengths from 16 to 40 times as great 
as their diameters, and perhaps for greater lengths ; 
although, in bridge building, greater lengths will sel- 
dom be employed. '^ But, as the length is reduced to 
8 or 10 diameters, or less, it is manifest that the power 
of resistance increases at a less rate than that ^ven in 
the rule. For, we see by the table of experiments, 
that a square piece of a length equal to 18 diameters 
(experiment 9), bore at the rate of 45,000fi>s. to the 
square inch, which is nearly one-half of the average 
crushing weight of cast iron, and one-third that of the 
strongest iron. But according to the rule, a piece of 
half that length, or equal to 9 diameters, should sustain 
185,000&>s. which is about the maximum for cast iron ; 
whereas, experiment shows that the power of resist- 
ance increases with reduction of length, down to about 
2 diameters. It may, therefore, be recommended to 
apply the rule above given, to hollow cylindrical, and 
square pieces above 15, and to solid cylinders, above 
12 diameters. From those lengths down to 2 diame- 
ters, it cannot lead to material error to estimate an 
increase of power proportionate to diminution of 
length, according to the differences between the weights, 
or resisting powers determined as above, for 'square 
pieces and hollow cylinders of 15, and solid cylinders 
of 12 diameters in length, and the absolute crushing 

* It is probable that for greater lengths than 40 diameters, the for- 
mnla ^^ alone, woold be more nearly sustained than in case of smaUef 
lengths. 
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weight of the iron ; that is, if a square piece whose 
length equals 16 diameters bear m pounds, and the 
crushing weight for pieces of 2 diameters be n pounds 
to obtain the resistance (R), of a piece of (15 — a), dia- 

mdkrs in length, take wi + jg (n — ^m)=R. 

XC. It has already been remarked that in practice, 
materials should be exposed to much less strain than 
their absolute strength is capable of sustaining for a 
short time. This fact is universally recognized, and 
the reasons for It, are perhaps, sufficiently obvious ; 
still it may bo proper to mention a few of them in this 
place. 

First, there is a great want of uniformity in the 
quality and strength of materials of the same kind, 
and no degree of precaution can always guard against 
the employment of those containing defective portions 
possessing less than the average strength. 

Again, when materials are exposed to a strain, al- 
though it be buta small part of what they can ultimately 
bear, a change is produced in the arrangement of their 
particles, from which they are frequently unable fully 
to recover ; and whence they generally become weak- 
ened, especially if they be repeatedly exposed to such 
process. Hence, it often happens that a piece is broken 
with a smaller strain, than H has previously borne 
without apparent injury. 

Now, there is no means of estimating exactly the 
allowance necessary to be made on account either of 
these facts, as well as, probably, many others. Con- 
sequently, we can not determine with certainty, how 
much of a given material may be relied on to sustain 
with safety a given force. We should therefore, incline 
toward the side of safety, the more strongly, in pro- 
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portion as the consequences of a failure would be the 
more disastrous. The breaking of a bridge is liable, 
in most cases, to be a serious affair, involving hazard 
to life and limb, as well as destruction of property. 
Heuce, they should be constructed of such 8tren||h 
asto render failure quite out of the range of probability, 
if not absolutely impossible. 

XCI. Good wrought iron bars, will not undergo 
permanent change of form under a tensile strain of less 
than from 20,000 to 80,000 pounds to the square inch ; 
and though they will not actually be torn asunder with 
a stress below 50 or 60 thousand, and often more, to 
the inch, any elongation would certainly be deleterious 
to the work containing them, even if not dangerous 
from liability to fracture. Hence, it is certainly not 
advisable to expose the material to a stress beyond the 
lowest limit of complete elasticity. 

In the original predecessor of this work, the tra- 
ditional allowance of 15,000&>3. to the square inch, was 
adopted as the tensile stress to which wrought iron 
might safely be exposed, and beyond which it was 
deemed improper to rely upon it. No evidences or 
arguments since that time, have induced a change of 
opinion in this respect. But in the case of a bridge, 
there is variety and uncertainty as to the exact amount 
of load, as well as in relation to the limit of safe strain 
for the material ; and while it seemed probable that the 
load of a single track rail road bridge would never ex- 
ceed 2,000&s. to the lineal foot upon any part of its 
length, still, seeing that rail roads were comparatively 
a new institution, and iron bridges for rail roads almost 
unheard of, especially in this country, it was deemed 
wise, in recommending their introduction, to so adjust 
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their proportions as to meet almost any possible con- 
tingencies. 

This could be accomplished either by assuming a 
greater possible load for the bridge, or a lower limit 
to the stress, of materials with the smaller load, with 
the same ultimate result And, perhaps the former 
would have been the more consistent course, as avoid- 
ing the seeming absurdity of the assumption that iron 
could safely stand a strain of 15,0001b3. in a common 
bridge, but only 10,000fc in a rail road bridge ; and the 
no less seeming absurdity of assuming that the same 
material could stand 50 per cent more strain in a bridge 
composed partly of wood, than in one entirely con- 
structed of iron. Now, instances in great numbers 
could be pointed out, of rail road bridges of wood and 
iron, where 2,0009)8. to the lineal foot would produce 
a stress considerably exceeding 15,000 to the inch upon 
certain bolts of wrought iron.* 

* The autlior had occasion several years ap^o to refer to the foUowing 
instances in corroboration of the statement above made, in this wise 
" The best evidence that exists as to the capacity of a material to beai 
a strain with safety, is derived from experience as to the strain it has 
been exposed to in works, and conditions similar to those in which it 
is proposed to employ it, and where it has by long usage, proved itsell 
adequate to the labor required of it. If wrought iron, for example, 
has been used in railroad bridges* for a great number of yoars, in 
numerous and repeated instances, where a given load, in addition to 
the weight of structure, would produce upon it a tension of 15,0001b.4. 
to the square inch, and has withstood such usage without cases of fail- 
ure not caused by manifest defects in the quality of material, or by 
casualties which such structures are not expected to be proof against ; 
it may be fairly assumed to be reasonably safe and reliable in other 
railroad bridges where a similar gross load can not produce a greater 
stress ; and much more so, where a like load can only produce a stress 
one-half, or two-tlilrds as great. 

Now, it is provided in the plan herewith presented, that a load of 
2,0001b6. to the lineal foot upon each pair of rails, on the whole, or 
any part of the length of the bridge, can not produce upon any part of 
the wrought iron work in the trusses, a tension exceeding lO.OOOlbs. 
to the square inch ; and, to show that such provision is eminently safe 
and libera], I proceed to give some examples of what the same mat^ 
rial is liable to with the same load in other structures, where long and 
eevere usage has fully proved its sufficiency. 

16 
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A nd jet, it was deemed expedient by the author of 
this work, ill the outset of the introductioQ of Irou rail 
road bridges, to provide that 2,000fibs, to the foot upoa 
each pair of tracks, should not give a stress exceeding 
10,00096 to the square inch upon any part of the wrought 
irou work, not from a conviction that the material was 
unsafe under a stress of 15,000Ibs. but to provide against 
the possible contingency of its being sometimes exposed 
to greater stress than that produced by a dead weight 
of 2,000&>. to the lineal foot 



XCIL The use of cast iron to sustain a tensile 
strain, should undoubtedly be avoided, as a general 



To be^n with an instanoe near at hand ; the bridf^e from the island 
to the main shore on the Hudson River rail road at East Albany, has, 
in one of its stretches, trasses 48 feet loni;, in 8 panels. It is a doable 
track bridge with three trasses, of which the middle one sustains one- 
half of the two pairs of tracks, and of the loaos passing over them. 

The truss is composed of top and bottom chords, and thrast braces 
of timber, and vertical suspension bolts of wrought iron, in pairs ; and 
it is at once obvious that } of the weight of the tracks and their loads 
(or, of the half bearing upon the centre truss), is concentrated on the 
two pairs of suspension rods located 6 feet from each end. [See diagram.] 

The weight of middle truss, and other parts of the structure bus> 
tained bj it, probably exceeds 16,000 lbs., of which {, or 14,000 lbs. bear 

Fio. S6A. 
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npon the endmost suspension bolts. Add 2,000 lbs. per foot for { of one 
pair of tracks, or rails, and it makes SS.OOOlbs. upon tne suspension bolts 
in question, with only one track loaded. These bolts are 4 in number, 
and l}'Mn diameter; and, allowing^" to be cut away by screw 
thread, the aggregate net, available cross section of the four, is equal 
to 4.43 square inches ; whence the tension, with only one track loaded, 
is 12,041 llw. to the square inch, and 22,120 lbs. to the inch with both 
tracks loaded. 

2. The bridge leading into the freight house of the Boston rail road, 
at East Albany, is a "Howe bridge," and acts npon the same prind-. 
pie as the one just spoken of. It is a double track bridge with two 
trusses, having 8 panels of 10' 8' ^ and is a heavy covered bridge. Al- 
lowing 64 tons for weight of superstructure, or 56,000 lbs. for the por- 
tion sustained by the endmost bolts of each truss, and 2,000 lbs per 
foot upon one track, of which f at least, bears on one truss, giving 
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rule; and, if on certain occasions it shonid be liable to 
that kind of action to a small extent, the stress should 
probably not be allowed to exceed 8,000 to 4,000 pounds 
to the square inch. 

When exposed to compression, in pieces of such 
length as to break by lateral deflection, it is believed 
it may bo safely loaded to one-third of its absolute ca^ 
pacity. If a long piece exposed to a negative strain 
have a defective part, it does not diminish its power 
of resistance to the same extent as when it acts by ten- 
sion. The power of negative resistance being, in a 

measure, inversely as the deflection , produced by a 

■ ■ I ■■■■■■■■■■ .. ■. 

100,000 lbs. on the end bolts, we have 156,0001bs. sustained by 6 bolts 
of lY' diameter, containing 8.1 square inches, besides screw thread. 
This is a strain of 19,259 1m. to the square inch with one track, and 
25,432 lbs with both tracks loaded with 2,000 lbs. to the lineal foot. 

3. The East bridge over the creek in the sonth part of Troy, is a 
double track covered bridge with three trusses, having 8 panels of 
12^8^^ each, or 88.66 ft sustained by the endmost suspension bolts. 
Say, of weight of structure bearing on end bolts of middle truss, 
85,000 lbs. and of load upon one track 88,666, making 123,666 lbs. on 4 
bolts of 1^^^ diameter and two of 11^^ diameter, having a net cross-seo- 
tion of about 7.65 square inches. Hence the stress must be 16,156 lbs. 
to the inch, with one track loaded, and 27 J50 lbs., with 2.000 lbs. to the 
foot upon each track. 

4. The West bridge over the same stream, a few rods below the last 
mentioned, has three trusses containing 9 panels of 10^ ft. each in 
length. It is a high tfnss bridge with roof and siding. 

For weight of superstructure on endmost bolts of middle truss, say 
28.000 lbs. and for load on one track, 84,000, making 112,000 lbs. on 
4 bolts of H^^ containing a net section ot 6.41 square inches, giving a 
tension of 20.702 lbs. to the inch for one track, and 36,229 lbs. for both 
tracks loaded with 2,000 lbs. to the lineal foot. 

5. The bridge across the Erie canal near Ganastota, on the N T. C. 
R. R., is a double tack bridge with 2 trusses, which have 9 panels of 
10 feet. If the superstructure be estimated to weigh 40 tons, it gives 
A little over 85,000 lbs. on the end bolts of each truss. Add | of 80 
tons for 2,000 lbs. per lineal foot upon one track, and it gives 141,666 lbs. 
on 4 bolts of ly^ diameter, and 5.41 square inches of net cross-section ; 
equal to 26,178 lbs. to the inch, with one track, and 86,044 lbs. with both 
tracks loaded." 

All these cases are stated from personal examination by the author, 
except the last, which was reported to him from authority considered 
reliable. The cases were not selected, but taken as the most accessible, 
and oonveniemt for the author's observation. And still, he can not 
help regarding them as remarkable, and somewhat exeeptional casus 
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given weight, and the deflection depending on the stifle 
ness of the piece throughout its whole length, the 
power is manifestly only diminished as the amount of 
defect, multiplied by the ratio of length of the defective 
part, to the whole length ; that is, if the piece be de- 
fective so as to lose one-fourth of its stiffness, for that 
part of its length to which is due one-tenth part of the 
deflection, the deflection will only be increased by 
^X|^ « ^, and the power of resistance is diminished 
in the same ratio ; whereas the power of positive re- 
sistance would be diminished by ^. 

The effiBct of negative strain, moreover, is believed 
not to be so deleterious to the strength of iron, as that 
of positive, or tension strain ; though I can refer to no 
particular facts or evidences in coroboration of the 
opinion. 

Upon the whole, I am inclined to estimate the power 
of cast iron to resist compression (as against the tension 
of wrought iron at 15,000&s. to the inch), in pieces of 
lengths equal to 18 diameters, for hollow cylinders, at 
15,000&8. for solid cylinders, at 8,000, and solid square 
pieces, at 10,000&>s. to the square inch of cross-section 

There are other forms of section f^v cast iron mem- 
bers of bridges, which it will frequently be convenient 
and economical to employ where lateral stiffness, as 
well as longitudinal resistance is required, among which 
may be named, the cruciform -f ,the T9 and the H form. 

The former of these, with equal leaves, probably 
possesses about the same resistance to the square inch, 
as a solid square which will just contain the figure. 
For, though it is not so stiff to resist a simple lateral 
force diagomlly of the including square, as parallel with 
its sides, and would be broken by tearing asunder the 
flange, or leaf upon the convex side, still when under 



l^EGATITX StRENOTH OF IbOK. 167 

longitudinal compression, the tension upon that leaf 
would be somewhat relieved. 

The T and H section will usually be employed where 
greater stiffness is required in particular directions, and 
if proportioned with judgment, will usually possess about 
the same power to the inch, as the including solid square, 
or parallelopiped. 

XCnL Having determined (approximately, at least), 
the safe strain for pieces of a certain length, and the 
ratio of variation in power, depending upon change of 
length, we readily deduce the safe strain for pieces 
of similar action, with any given dimensions. 

The following table, exhibiting the negative power 
of resistance to the square inch of cross-section, for 
hollow and solid cast iron cylinders, and solid square 
pieces (under which class may be included the + T and 
H formed sections, under proper conditions), calculated 
for length of from 2 to 60 diameters, is intended to 
show the safe practical rate of strain for the material, 
being about one-third of its absolute strength, in col- 
umns headed ^, and one-fourth of the absolute, in those 
headed ^ ; the former to be used against wrought iron 
at 15,000, and the latter, where wrought iron is esti- 
mated to sustain 10,000fi>8. tor the square inch. 

This is the author's original table, slightly modified, 
with the addition of two columns showing corresponding 
weights at | and ^ of the absolute strength, as calculated 
by*" Gordon's formula,'/ deduced from Hodgkinson's, 
experiments upon cast iron hollow pillars; which is 
regarded as the best authority upon the subject at the 
present day. Also, two corresponding columns for 
wrought iron hollow pillars, according to the same au- 
thority. 
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The Gordon formulsB are ; 



for cast iron, S — 80,0(K)ft- -+• (1 + .0026^), 



for wrought iron, S — 86,000ft8. -*- (1 + .00083^). 

S repreeenting absolute strength per square inch 
of section, 2, the length, and d^ the diameter of column, 
both referring to the same unit of length. Or making* 

rf « 1, we have ^i ■• ?• 

The table of negative resistances, presents a scale of 
numbers so ac^usted as to touch at certain points esta- 
blished by experiment, and running in consbtent gra. 
dations from one to another of such points. 

The columns for cast iron hollow cylinders, are the 
only ones referring to the same class of pieces, and ex. 
bibiting the difference in resqlts, arising from diffei^ 
ence in the mode of calculation. The Qordon formula 
is supposed to give results agreeing with those of ex- 
periment, for lengths included within the range em 
braced by the experiments from which the formula 
was deduced. Within that range, those results may 
be presumed to be more reliable (being founded on 
trials of the same kind of pieces as those to which they 
refer), than those in the author's original table, based 
upon trials of solid cylinders and parallelopipeds. 

Taking the 4th and 6t^ columns, it will be seen that 
the numbers agree at some point between the lengths 
of 18 and 20 diameters; the numbers above that point, 
being the larger in column 6, while, below that point, 
they are larger in column 4, down to about 60 diaqiie* 
ters, where they come togethet and cross again, and 
those in 6, are thenceforward the larger. But the 
differences are small, for the range of lengths princi- 
pally employed in bridge work. 
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One obvious reason of the more rapid increase of 
numbers in the 6th colamn, for lengths under 15 or 
16 diameters, is, that in the latter, the crushing weight 
for the iron is assumed at lOO^OOOfts. to the square 
inch, whereas, by the Qordon formula it is limited at 
80,000ft3, and that formula can give no result greater 
than that limit, even when Z^O. Now, if 80,000fta. 
was less than the actual crushing load for the kind of 
iron used in Uodgkinson's experiments (from which 
the Gordon formula is understood to have been de- 
rived), it must follow that Gordon's formula gives 
results smaller than the true ones, for short pieces. 
This is probably the case, and, although Mr. Gordon's 
formula is very simple and ingenious, sliding smoothly 
and plausibly from one extreme in length to the other, 
it unquestionably gives closer approximations to 
correct results for the ordinary range of lengths, than 
when applied to the very short pieces. 

The numbers in the table are deduced upon the sup- 
position that the thrust members in a bridge, will not 
act with less advantage than when bearing upon a pivot 
at each end of the axis of the pieces respectively ; and 
it is not deemed proper to assume that, in consequence 
of having flat end bearings, the piece in any pase can 
sustain a greater stress than is indicated by the num- 
bers in the table. 

It will be observed that, in order to obtain the ab- 
solute strength of a piece, we should multiply its cor- 
responding number in the table, by the denominator 
of the fraction (J or ^) at the head of the column. 



^ 
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Latekal, or Tbamstsbsb Stbekgth. 
XCrV. The traneverse strength of bars or beama> 
would aeem to be deducible from the positive atrength 
of the material, iu the following mniiDer: 

Let ab, Fig. 26, represent a portion of a rectangular 
beam 6t bar, projecting from a wall in which it ia 

„ firmly fixed. If a weight be 

^la. 26. ■■ J 1 .L 

applied at w, the upper part 

of tho1)eam will be extended, 

and the lower, compressed ; 

and, where these portions 

meet, ia what is called the 

neutral plane. Experiment 

showB that this plane, in 

rectangular beams, ia central between the upper and 

lower surfaces; or at least, very nearly ao, for all 

elaatic substaDcea, until they approach rupture. 

The tendency of the weight at w, then, is to produce 
rotation about the point c (or, the line of intersection 
of neutral plane and face of wall) and the cohesion of 
the upper portion cd, and the repulsion of the lower 
part, ci, tend to reeiat rotation. Now, to determine 
the amount of tbia reaiatance, which ia the measure of 
transverse strength, we will firat consider the upper 
portion ; and it ia obvious that, at every part of tbe 
cross-aection, the reaiatance to rotation ia aa the 
resistance to extension, multipled hy the distance of 
the part above the neutral plane. But the resistance 
to e^^tenaion, hy the law of elasticity, is as tbe degree, 
or amount of eztemuon, which ie determined hy the 
distance from the neutral plane ; parts at 2 inches from 
this plaue, or the centre of motion, being extended 
2L 
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twice aa mach as those at one inch, and resisting twice 
as mach. 

Then, denoting the distance from this plane by the 
variable quantity x, the resistance to extension by any 
part, equals x multiplied by a certain constant (s), and 
may be denoted by «x, while the resistance to rotation 
about c, equals ax^. 

Again, representing the horizontal breadth or thick- 
ness of the beam by i^ we have iAx to represent the 
difiereutial of the section (in its state of increase from 
c toward d)^ and 5.f.x*dx, the differential of resistance. 
Then, integrating, aud making x ««'crf «■ A, we have the 
whole resistance to rotation, of the part above the neu- 
tral plane, equal to \ sA.h^ a iLhxh^s.h. But s.h 
becomes equal to the positive strength of the material 
when x=cd =■ A, and Lh =■ the area of section above 
the neutral plane. Therefore the power of this part to 
resist rotation, is equal to ^ of the area, multiplied by 
half the depth of the beam, and by tlie positive strength 
of the material; in case the negative strength exceed 
the positive. 

Now, it is obvious that the, part below the neutral 
plane exerts exactly the same amount of resistance to 
rotation, as the part above. Therefore the whole power 
of resistance to rotation about c, in other words, the 
resistance to rupture, is equal to ^ of the whole cross- 
section, multiplied by J the depth of beam, and by the 
positive, or cohesive strength of the material ; that is 
equal to J C^jDxJZ), = | CytL^; in which expression, 
D represents the depth (d6), and C7, the cohesive power 
of the material.* 

* Another mode of ninatratin^ this case, is the foUowinpf : It being ob- 
vious that the resistance to rotation about e, by each lamina from the nea* 
tral plane outward, is as the extension it under^^oes, and the ieverajre 
upon which it acts, such resistance must increase outward in a duplicate 
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If we wish to determine the greatest weight (W), 

which the beam is capable of beariug when applied at 

any horizontal distance (L) from c or dj we institute 

the equation, W.L «- } C.t.JD^; whence we have : 

TXT _cxp" 

Thi| formula applies to all projecting rectangular 
beams, when the force (W), acts parallel with the 
sides, and L represents the nearest, or perpendicular 
distance of the fulcrum c, from the line in which the 
force has its action: provided,, that if the material 
have greater power to resist tension than compression, 
Cis to be taken as representing the repulsive, instead 
of the cohesive power. 

• 

XCV. This formula is deduced on the supposition 
that the material is perfectly elastic, so as to suffer no 
permanent change of form until the strain produces 
actual rupture. There are &w substances if any, and 
certainly wood and iron are not such, that fulfill this 
condition so nearly but that considerable discrepan- 
cies are found between the deductions of theory, and 
the results of experiment Indeed in the case of cast 



ratio to the increase of distance from that plane, and decrease in a like 
ratio, inward. Hence, if we represent the resistance of the outer lamia 
bj the base of a pyramid having its apex at the neutral plane, and its 
base coinciding with said outer lamina, the resistance of any other 
lamina will be represented by the section of the pryamid made by 
snch lamina, or a lamina of the pryamid at the point of intersection, 
of the same (indefinitely small) thickness as the lamina of the beam 
'in question ; and the sum of resistances of all the lamime of the beam, 
will be represented by the sum of laminse of the pyramid ; and will 
bear the same ratio to what the resistance of all those laminae of the 
beam would be, if all were acting at the distance of the outermost 
lamina, as the solidity of the -pyramid bears to a prism of like base 
aud attitude ; that is, in the ratio of 1 to 8. But the resistance of \he 
outer lamina, equals the absolute strength of material (C), multiplied by 
half the depth of beam. Hence, the resistance of the half beam equals 
Cxi cross-section X depth of the half beam ; being the same result 
as above obtained by integration. 
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iron, experiment shows the transverse strength to he 
fully twice as great as it is made to appear by the above 
formula. 
If in the expression ^|:^y we make L"-D, it may be 

reduced to } CA.D; showing that the power of a pro- 
jecting rectangular beam to sustain weight at a dis- 
tance from the fulcrum equal to the depth of th^beam, 
is only one-sixth as great as the positive (or negative, 
in case that be the smaller), strength of the material. 
This is a convenient way of expressing transverse 
strength, viz : as equal to a force of so many pounds 
to the square inch of cros^section, the force being un- 
deratood as acting upon a leverage equal to the breadth 
of the beam in the direction of the acting force. 

If we call 18,000fi>s. to the square inch, the positive 
strength of cast iron, we may call the . transverse 
strength (according to the above deduction), } 18,000 
B8,000fi>s. ; meaning that a bar one inch square will 
sustain upon its projecting end, 8,000fi>s. at 1 inch 
from the fulcrum, and proportionally less, as the dis- 
tance is greater. 

Now, experiment shows that it will sustain twice this 
amount, and frequently more, so that we may in reality, 
reckon the transverse strength of cast iron at about 
6,000fi>s. to the square inch. 

I know of nothing to which to attribute this great 
discrepancy between theory and experiment, except a 
want of complete elasticity in the material, and per- 
haps, also to the assumption of too low an estimate 
(18,000) fts. for the co-hesive power of cast iron. 

Cast iron, when exposed to a transverse strain, snf. 
fers extension on one side, and compression on the 
other ; and the power of resistance to both these effects, 
increases very nearly as the amount of extension or 



•*. 



Lateral, or Transverse Strenqth. 165 

compression, until a certain point or maximum is 
reached, and after passing this point, the power dim- 
inishes. Now, it is reasonable to suppose, in fact we 
can hardly suppose the contrary, that for a certain in- 
terval on each side of the maximum point, the power 
of resistance remains nearly stationary. But this sta- 
tionary interval is reached on the positive, much sooner 
than on the negative side, and the inevitable conse- 
quence must be, that the neutral plane is transferred 
farther from the positive side, so as to preserve the 
equilibrium between the resistance to extension and 
the resistance to compression. Hence, the amount of 
resistance on the positive side is increased, both by the 
increased area of section exposed to tension, and in- 
creased leverage, or distance from the neutral plane. 

" Moreover, a greater portion of the fibres (so to speak), 
of extension, act with their full power; since, while 
the outside portion is passing through what we have 
called the stationary interval, successive portions toward 
the neutral plane, are reaching and approaching that 
interval. Hence, some considerable proportion of all 
the fibres of extension, may act with their maximum 
power ; whereas, if the material were perfectly elastic 
up to the point of actual rupture, only the outside fibres 
farthest from the neutral plane, could actwith abso- 
lute power, and all other parts, only in the ratio of 
their respective distances from said plane. To illus- 
trate, suppose the e'itreme positive side, when ex- 
tended one inch, reach the stationary interval, which 
is one inch more. It follows that when the outside 
has passed to the other limit of that interval, one-half 
of the positive portion of the bar, will be within the 
the range of that interval, and act with its maximum* 
•power, producing one third more resistance to exten- 
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BiOQ than the same fibres could afford if the body were 
perfectly elastic, up to the point of rupture. I know 
of no more plausible manner of explaining the observed 
discrepancy between experiment and calculation upon 
the subject. 

But, having well authenticated direct experimental 
evidence as to the transverse strength of cast iron, we 
may safely be guided thereby ; and, though it would 
be a satisfaction to find a complete agreement between 
the results of direct experiments, and the deductions 
from those that are indirect, still, where such agree- 
ment is not found, the direct evidence should have the 
preference. We may, therefore, regard the transverse 
strength of cast iron in pieces with rectangular sec- 
tions, as equal to 6,000fi>s. to the square inch, upon a 
leverage equal to the width of the piece in the direction 
of the force. 

« 

Wrought iron has something over three times the 
positive strength of cast iron, on the average; and if 
we consider its transverse strength to be in the same 
ratio to that of cast iron, its transverse strength would 
be about 20,000 pounds. That is, the projecting end 
of a bar of wrought iron one inch square, should sus- 
tain, at one inch from the fulcrum, a weight of 20,0009>s 
But it becomes permanently bent with about one-third 
of that weight, and therefore, in practice it should not 
be exposed to more than 4,000 to 5,000fi>s. as we should 
manifestly keep within the elastic limit, as well in case 
of a transverse, as a direct tensile strain. It may, 
therefore, be recommended to estimate the transv-erse 
strength of wrought iron at 5,0008)8. as against a ten- 
sile strain of 15,000fi>s. to the inch, upon the same ma- 
terial, and 8,500 to 4,000 transverse, against 10,000, 
tensile strain. 
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Cast iron having an average absolute transverse 
strength of 6,0009bs. should not in practice, be exposed 
to over from 1,000 to 1,500&)8. to the square inch, ac- 
cording to the circumstances in which it is used. 

XCVI. Representing by A the area by D the depth 
and by L the length (from fulcrum to weight) of a pro- 
jecting rectangular beam, the safe load, according to 

the above assumptions, equals 5,000 — for wrought, 

and 1,500 —for cast iron. 

If the beam be supported at the ends and loaded in 
the middle, using the same symbols, the safe load is 
four times as much ; that is, 20,000 — for wrought, 

and 6,000 — for cast iron. This follows from the fact 

that the litUng force at each end, equals only one-half 
of the load, and acts upon a leverage equal to ^L, hence 
it takes 4 times the weight to produce the same stress 
on the beam. 

If the load be equally distributed over the length of 
the beam, the safe load is twice as much as when it is 
concentrated at the end of the projecting beam, and in 
the middle of the beam *Bupported at the ends. For, 
i'n the former case, each part of the weight produces 
stress at the fulcrum in proportion to its distance there- 
from, and the average distance of the whole load, 
being only half as great, the stress is only half as much 
as when the whole load is at the end. 

In the latter case, the beam being regarded as fixed 
in the centre, the lifting force at the end, tends to pro- 
duce a strain in the centre, measured by the force mul- 
tiplied by its distance from the centre, in other words, 
by the moment of the force with respect to the centre. 
On the contrary, the load tends to produce a strain in 
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the opposite direction, according to the distance of 
each part of the load from the centre. This, as just 
seen in the case o^ the projecting beam, is equal to 
half of that produced bj the lifting force at the end. 
llence the effect of the weight neutralizes one-half 
of tendency of the lifting force at the end, to produce 
stress in the centre of the beam. 

Upon the same principle is based the following rule 
for determining the stress at any giv^en point in the length 
of a beam, however the load may be distributed. 
Take the moment with respect to the given pointy of 
all the forces on either side of said point, tending to 
deflect the beam in one direction, at the given point, 
and all the forces on the same side, tending to deflect 
it in the opposite direction, and the difference in the 
sums, of those opposite moments, is the measure of the 
stress at the point in question. 

As an illustration, if the cross-beam of a rail road 
bridge support tracks 5' apart, the beam being 15' be- 
tween supports, and a weight W bear equally upon 
the two tracks, each end support lifts JW, and the 
moment with respect to the nearest track, is jWx5 = 
2.5W. There being no foroe acting in the opposite 
direction between the end and the weight upon the 
rail, 2.5W (upon a leverage of 1 foot), is the measure 
of stress of the beam at the rail. 

If we seek the stress in the middle of the beam 7J' 
from the end, and 2J' from the rail, the upward force 
at the end is JW, the same as before, and the moment 
JWx7i = 8.76W; while the moment of the weight 
on the rail, is }Wx2J, =- 1.26W. Hence, the stress 
in the centre « (3.75— 1.26)W — 2.5W, the same as at 
the rail. 
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Taking the momeut'of the end lift with respect to 
the off rail, we have jWxlO, =■ 5W, while the moment 
of weight on the near track, with respect to the off 
track, is J Wx6, «■ 2JW, acting in the opposite direc- 
tion. Hence, stressat the off track, isequal to(5 — 2.5)W 
- 2JW. 

Again, assaming a point at 2' from the end, the mo- 
ment of the lift at the farther end, is J W x 13' -6.6W. 
The sum of moments of weights upon the two rails is, 
JWx8+iWxS — 6.6W in opposition to the effects 
of the end lift. The stress of the beam, therefore, at 
the given point, is (6.5 — 5.5) W, -■ W ; being the same 
result as if we had titken the moment at the near end, 
«■ JW X 2, « W, with no opposite force on the same 
side of the given point. 

Hence, we see that the stress is the same at all points 
between the rails, while it obviously diminishes from 
the rail to the end, in proportion as the distance of 
successive points from the end diminishes. Therefore, 
the beam having a uniform depth, in order that the 
strain be uniform on all parts, the thickness should 
taper uniformly from the rail, to an edge at the sup- 
porting points. If the thickness t>e uniform (the cross- 
section being rectangular), the depth may diminish as 
the square root of distance from the support diminishes; 
that is, may have a parabolic form. This follows from 
the fact that the stress at different points in the length 
is as the distance from the support, and the power of 
resistance, as the area multiplied by the depth, in other 
words, as the square of the depth, the area being simply 
as the depth. 

XCVII. Iron beams of a rectangular section will 
fieldom be used in bridge work, the material acting 
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more effectually ia a web and flange form, as in the I 
beam, with about half the material in the flanges. lu 
this kind of beam, the web may be estimated as a rect- 
angular beam — say at 5,000fi»s to the inch (on a lever- 
age equal to the depth of the beam), while the flanges 
may be estimated at 15,000B>s upon a leverage of half 
the depth of beam, less half the thickness of flange, 
thus: for a beam 12^' deep, web ^" thick, flanges 2'' 
wide and I" in average thickness on each side of the 
web, we have 6 square inches of web section at 5,000 » 
80,000]bs. plus, 6 inches of flange section at 15,000 x 
leverage of 6,626'', equal to 42,187fi>s. on a leverage of 
the depth of beam, making a total of 72,1879). »6,0169>s. 
to the inch upon the whole section. 

Hence, it is deemed safe to estimate the working 
strength per square inch of wrought iron I beams, in 
the above proportions of web and flanges, at 6,000 

—fcs. for projecting ends, and 24,000 -for beams sup- 
ported at the ends, and loaded in the middle; and 
double those amounts of distributed load. For instance ; 
a 12" I beam of 12 square inches in section, and 16' 
long, between bearings, is good for 24,000 X }f « 
18,000Bb8. in the middle, 86,000 distributed uniformly, 
and 26,180ft)s. upon two rails 5 feet apart, or 5.5 feet 
from end supports. 

XCVm. One of the cases in which wrought iron 
m frequently exposed to transverse strain, is in the use 
of cylindrical pins for connecting the other parts of 
bridge work. In such cases, the forces will act with a 
certain leverage which can be nearly determined. The 
power of a round pin to sustain a transverse force act- 
ing on a leverage equal to the diamcfter, may be as- 
sumed at about ^ less to the square inch, than that of 
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a sqaare bar upon a leverage equal to its width of side. 
Hence, a represeuting the area of section, d, the diame* 

ter, and l, the length, the safe stress » 4,500 — acting 

on a projecting end, and 18,000— acting in the middle 

between two outside bearings ; that is, a V pin with 
centres of outside bearings &' apart, will bear in the 

middle, 18,900 X '^ - 2,355fts. If the pin connect an 

eye 1" thick, between one of J" thick on each side, the 
length (l) between centres of outside pieces, will be 
1^''; whence, a 1" pin will bear 4 times as much as in 
the preceding case ; or 2,865 x 4 =» 9,420Bb8. The 
tensile strength of a V round rod, being ll,775ft)8. 
being equal to the cross-section (0.786), x 15,000Bbs. it 
shows that the strength of the rod is greater than that 
of the pin, in the condition here assumed, in the pro- 
portion of 11,776 to 9,420. Therefore, the stiffness of 
the pin being as the cube of the diameter, in order to 
find the diameter (z), of a pin for connecting V bars 
by eyes and connecting straps, we have this proportion 
9,420 : 11,775 : : P :x*, whence x «■ 1.077 =- to about 
iV lAi*g6i* than the diameter of the rods to be connected, 
and in this proportion for any size of round rods con- 
nected by straps and pins or bolts. 

But if the eyes and straps be drilled, so as to fit the 
pin through the whole thickness, the action approaches 
the shear strain, and the pin should have about | the 
area of section of the bars to'be connected* The author 
would recommend, however, for general practice, that 
connecting pins be considered as acting by transverse 
stiffness, upon the lever principle, as above discussed. 
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ARCH TRUSS BRIDGES. 

XCIX. The general form in outline of the Arch 
Truss, may be seen in Figs. 8 and 11. 

The forms of the different members, and the modes 
of connecting them to form the complete structure, are 
many, and a minute description of each possible variety, 
in this respect, even if such a thing can be regarded as 
practicable, will not be undertaken on this occasion. 

The arch may be of cast or wrought iron in various 
forms of section. The following form of cast iron arch 
has been extensively used in the state of New York, 
with uniform success and satisfaction. The arch is 
composed of cast iron sections, equal in number to 
the number of panels in the truss ; an odd number 
being deemed preferable. In Fig. 27, aonm presents 
a top view of the arch, and D, a top view of the chord, 
from end to centre; and A and B, enlarged cross -sec- 
tions at p and g, adjacent to the cross-bars to be de- 
scribed below, and which also appear in the figure. 
Each piece consists of two side portions of an "H formed 
section, connected at the ends, and at 2 or 8 intermedi- 
ate points, by cross-bars of a J formed section for the 
intermediates, and at the ends, with sections as seen at 
(7, where a view of the arch connection is shown, as it 
would appear if cut vertically and longitudinally 
through the centre, and the near half removed. 

The width of the side plates of arch castings (from 
the top), should be about 3/^ of the length of pieces, 
with an average thickness of from iV ^^ i ^^ ^^ width. 
The top plate, about th^ same thickness (or a trifle less, 
to prevent a tendency in the piece to become hollow 
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backed in cooling), and a width, a little over one-half 
that of the side plate. 

The resisting power may be estimated as in the table 
of negative resistances nnder the head of square, &c., 
pieces, calling the width of side plates the diameter, 
and using the column nnder |^, for trusses supporting 
12 feet or more width of flooring, and the column 
headed ^, in case of trusses supporting a width of 10 
feet or less, to each truss. 

The intermediate cross bars should have about the 
same thickness of plate as the side portions, a depth, 
about f that of side plates, and top plate not less than 
i as wide as the top plate of side portions. 

End cross-bars should have a top width of about J 
the width of side plates, and cross-section sufficient to 
sustain a whole gross panel load for the truss, bj trans- 
verse resistance. If it have a depth equal to ^ of its 
leugth, and a form of section as strong as a rectangular 
bar, it will safely sustain 1,000 to l,200iks. to the inch ; 
and it is recommended to allow one inch of section in 
each end cross-bar to every l,000fts, sustained at the 
joint. Then, there being two cross bars together, the 
point will be doubly secure. * 

Semicircular notches in the ends of contiguous arch 
pieces, form a vertical circular hole at the joint, for the 
passage of the vertical member. 

When the side plates are thin, the thickness should 

be increased for a few inches from the end, to afford a 

« QQ suitable bearing surface at the joint ; 

i ^jmr v ' and the ends of arch pieces should 

pj I III I If be fitted (usually by planing), to a 

LI |J proper bevel to form a fair joint. 

The joints, however, are sometimes 
formed by cutting taper key seats (as seen in Fig. 28), 
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in one of the contiguons ends, to admit wrought iron 
wedges about an inch wide, and in sufficient number 
to give a bearing upon wedges« equal to at least one- 
half the section of iron in the chord. This method has 
answered well in a large number of bridges, and is 
convenient for adjusting the arch in line ; but the 
planed ends form much the more workmanlike joint. 

The centre arch piece has usually a full top plate 
over the whole width of the piece. 

The endmost section, or foot piece of the arch, con- 
nects veith the chord by means of horizontal holes in 

the feet to receive the ends 
of an open end link of the 
chord, which is secured by 
screws and nuts as shown 
in Fig. 29, representing an 
inside view of the foot of 
one branch of the arch. 
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C. The chord is composed of two long links of round 
or square iron to each panel, connected by cast ir^n 

connecting blocks at 
points vertically under 
the arch joints. The 
form of these blocks is 
represented in Fig. 80. 
They diminiph in length 
from the endmost to the 
centremost, the former 
being long enough to re- 
ceive the links running parallel from the connection 
with the arch, and the next block, being shorter by 
twice the diameter of the link iron ; the ends of links 
toward the centre of the truss, going next the end-j of 
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oonnecting blocks, and ontBide of the ends pointing 
toward abutments ; and, the members of each pair of 
links being parallel with one another. [D, Fig. 27.] 

The connecting block has an oblong section where 

it receives the links, being rounded on the sides to fit 

-- the semicircular ends of links. 

■ There should be an accurate 
fit between these parts, to 
effect which, perhaps, the best 
plan is to ream the ends of 
links, and turn the bearings of 
blocks to a uniform size. For 
this purpose, the block is cast with extra metal to be 
turned off at the bearings, and with the portion be- 
tween bearings a little thinner vertically, than the 
turned portions, as shown in Fig. 80A, in which a is 
a section and bb are the bearing surfaces. 

The vertical thickness of the block where it receives 
the links, should be at least 1^ times the diameter of 
the link iron, and the cross-section multiplied by the 
width of block, and divided by diameter of link iron, 
shodld give a quotient about 18 timea as great as the 
cross-section of both sides of the link. 

The middle portion of the block is cast with the 
proper size and form for the upright and diagonal 
members to pass through in Uie required directions, 
and is provided with suitable facets for the bearings of 
nuts. The least cross-section through all or any of the 
holes, should be at least one-quarter greater than the 
section at the link bearings. In Fig. 30, a, 6 and c re- 
spectively represent a side, end and top view of the | 
cast iron connecting block. 

The oblong section of the connecting block was 
adopted to obtain greater transverse strength in the 
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direction of the strain. Bat it has recently occurred 
to the author, that perhaps, after all, a circular section 
of block would have the advantage, inasmuch as it 
would not require so short a bend at the ends of 
links ; whence they could the better adapt thems Ives 
to the block, and would not require so great a disturb- 
ance in the condition of fibres or particles of the iron 
in forming the bends. With a diameter of block equal 
to 8 times that of the link iron (in case of round iron), 
it is believed that good iron would suffer the bend 
without material deterioration, or greater liability to 
break the ends, than in other parts of the link, espe- 
cially if welded in the straight part 

The enlarged central portion of the connecting block 
has upon its upper side, a flat surface rising a little 
above the links, to afford a beam seat for the cross- 
beams of the bridge to rest upon ; which, in case of 
wooden beams, should present a bearing surface of 80 
to 40 square inches. 

CI. The upright is made of round wrought iron, If 
to 2 inches in diameter, for bridges from 60 to 100 feet 
in length, when designed for common road purposes. 
The upper end is furnished with a screw nut, and a 
ring or collar welded on at a sufficient distance below 
the nut to allow the arch castings, and eyes of dia- 
gonals to come between nut and collar. 

The lower end is turned or swaged down to a dia- 
meter J " or J " less than the body of the rod, for a 
length sufficient to reach through the connecting block, 
and receive a nut on the end. This is to form a 
shoulder at the upper side of the block, to act in case 
of a thrust action of the upright 
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cm. Anoth er devise for the cod nectione of diagonala 
at the arch, is to replace the bent eye of the diagonal 

by a straight end with screw 
and nut, and to have obliqne 
holes cast in the ends of arch 
pieces for diagonals to pass 
through, on each side of the 
upright. [See Fi^. SOB]. 
The diagonals may be single, 
or in pairs. The latter plan 
is preferable, as giving a 
better balanced action ; es- 
pecially in case of rail road bridges, which are subject 
to greater action upon diagonals. This plan obviates 
a degree of lateral strain upon uprights, resulting from 
the eye connection. In this case, the upright should 
have a shoulder bearing on the under side of arch 
castings, to sustain the thrust action. 




CIV. It will be seen that these trusses, having a 
width of base equal to about one-fourth of the height, 
will support themselves laterally,' without any assist- 
ance from one another, or from other i>art8 of the 
structure, wherefore the flooring, including cross 
beams, may be entirely of wood, and may be renewed 
at pleasure, without any disturbance of the iron work ; 
a property peculiar to this kind of truss. 

The original design, therefore, was to use wooden 
cross-beams, formed in two pieces, as by slitting an or- 
dinary beam vertically, bolting the parts together, and 
boring at the ends for the uprights, so that they may be 
conveniently put in and removed whenever they re- 
quire renewal. Diagonal braces of wood, or what is 
much better, tie rods of iron with an eye at each end. 
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and a swivel or tarn buckle adjustment near one end, 
a pair between each two consecutive beams, to which 
they are bolted near the uprights, are required to pre- 
vent a lateral swinging or swaying of the bridge; 
whence these members are usually called sway braces, 
or sway rods. In the end panels the sway rods are 
attached to the feet of the arch. 

Upon the cross-beams, longitudinal joists are placed 
to support the floor plank, a thing so simple, and so 
generally understood as to require no further descrip- 
tion or illustration in this place. More or less casings 
and finishings of wood work outside of the road way, 
are usually added, according to circumstances, or the 
taste of the builder. 

CY. The rise of the arch above the chord, will admit 
df a considerable degree of variation. A pitch of 24 
to 26 degrees for the end arch pieces, it will seldom be 
advisable to exceed in either direction. That pitch 
divided by the whole number of joints in the arch (6, 
for a seven panel truss), gives the angle of deflection 
at the joint, equal, of course, to twice the angle of bevel 
for ends of arch pieces. 

This, however, does not produce an arch in equili- 
brio under a uniform load, which, as we have seen, 
[xxvii and lii] requires a parabolic curve, while equal 
deflections produce a curve between the parabola and 
the circular arc ; not departing from the former, how- 
ever, widely enough to be of material moment for or- 
dinary spans. The effect is only the throwing of a 
trifle more action upon certain diagonals ; for which 
the convenience of uniform bevels, is, perhaps, an ade- 
quate offset 
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CtIiInbrical Archbs. 

CVI. Arch Trues bridges have been constructed 
with cylindrical arch castings, in connection with up- 
rights, dividing and diverging downward from the 
arch to the beams, thus serving to give lateral support 
to the arch, and preserve it in line. 

This form of arch castings was supposed at one time, 
to possess sufficieut advantage over that already before 
described, and which is commonly known as the In- 
dependent Archj to warrant its adoption, inasmuch as 
it is the stronger form to withstand compressive straia. 
But it is also more expensive in the manufacture, to 
an extent perhaps sufficient to balance any practicable 
saving in weight of metal. Heuce, the Independent 
Arch has acquired decidedly the greater popularity, to 
which its just title can scarcely be questioned. Further 
detail, therefore, as to the mode of constructing the 
cylindrical arch bridge will not be here recited. 

Iron Beams for Bridges. 

CVJLL. It is now over thirty years since the writer's 
attention was first directed to the subject of Iron Truss 
Bridges ; a period which may be said to comprise the 
history of the use of iron as the sole or principal mate- 
rial in the main supporting members of those useful 
structures. 

At that time, there was one Iron Trms Bridge in use 
in the state of New York, and only one, to the writert 
knowledge, either in this state, or in the world, though 
the fact may be otherwise. 

That bridge, though possessing merit as the result 
of a first effort, did not prove a complete success, hav- 
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tatned, as a cheap, substantial and durable iron bridge 
for geaeral use, for spans varying from 40 to, — perhaps 
126 feet. 

For bridges 16 to 18 feet wide in tbe clear, and 
panels tea or eleven feet long, a 9 inch beam, weighing 
SOfha. to the foot, is in good proportion ; and when 
side walks are not required, the beams may be cut 
with square ends, just long euou^ to go between the 
uprights of opposite trasses, and provided with a fixture 
at each end, formed of a plate of iron about |" thick, 
7" wide, and about 2' long, bent in the form of a jcwa- 
harp- bow. The loop, or bow (u, Fig. 81), is to euoir- 

FiQ. 81. 
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ele the upright, and the straight sides, to receive the 
vertical web of the beam between them, and to be 
fastened thereto, by two bolts and nuts. One of these 
should be IJ" in diameter, and long enough to receive 
the eye pf a lateral diagonal tie, or sway rod (to prevent 
BwayiiJg or swinging), under both head and nut, and 
placed about 5J" from end of beam, and 2J" above 
lower edge of plate. The other bolt may be IJ" or 
1^", and placed with its centre 1^" from end of beam, 
and from upper edge of ptate. The thread of the screw 
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Bhoald not run into the plate, even if a washer be re- 
quired in order to fetch the work together. 

A convenient modification of this fixture is to have 
it made in two pieces with two f bolts outside of 
the upright, as seen at c, Fig. 32. This affords a con- 

Fia. 32. 




venient means of attaching a light bracket (6), to sus- 
tain face plank and coping (a), over the chords, such 
as are commonly used in this kind of bridge. It also 
enables iron beams to be inserted in bridges originally 
built with wooden beams. 

The connecting block in this case, should have an 
elevated ring around the upright, for the eye of the 
fixture to bear upon, to keep the beam from bearing 
altogether upon the inside of the upright, and produc- 
ing unequal strain. 

CIX. Another suggestion is, to form a stirrup in the 
upright just above the connecting block for the beam 
to pass through and rest in : as seen at 6, Fig. 81. This 
will admit of projecting beams to support side walks. 

The stirrup may be formed of iron V by 2" or 2J", 
According to the character of bridge. The iron should 
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be npset, so as to give safficient width and strength at 
the bottom of the stirrup to allow a 1^'^ stem to be 
screwed in, to pass through and support the connecting 
block. This stem may extend above the bottom of the 
stirrup, about f , a hole being made in the under side 
of the beam to receive that projection. The thread of 
the projecting part of the sc^ew, which enters the beam, 
should be turned or chipped otiF. This plan may be 
used in bridges either with or without side walks. 

Again, the upright may terminate in a flange at the 
top of the beam, and bolts screwed or cast in the top 
of the block, or running through the block with head 
or nut below, one on each side of the beam, and con- 
necting with the flange of the upright, as shown at B, 
Fig. 82. 

In the case of double uprights, the beam being cut 
to go between the inner branches, the fixture plates 
should lap about 20" upon the beam, and extend so as 
to clasp both branches of the upright. 



ex. To introduce the solid wrought beam in bridges 
with sidewalks originally constructed for wooden beams, 
the following plan is suggested. 

Let the beam be cut, say 1" shorter than the space 
between opposite uprights. Then, take for each end 
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of the beam, two plates J" thick and 7J" wide, or, 
wide enough to fill the space between the flanges of 
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Fig. 34. 



the beam at V^ from the centre, so that one being 
placed on each side, they will be kept far enongh 
apart to admit the upright between them. The plates 
should be long enough to lap 20^' upon the beam, and 
extend to outside of side walk. They may be bolted 
with two 1" bolts near the end of the lap, and one near 
the end of the beam by the upriglit; as seen under the 
letter u in Fig. 83. A IJ" bolt in the centre of depth, 
and 7 or 8 inches from the upright, 'v^ill serve both to 
aid in holding the plates in place, and to connect the 
sway rods L These plates should not be cut by bolt 
or rivet holes in the upper part, except at considerable 
distance from the upright u. 

Small bolts or rivets, r r, etc., should be inserted at 
intervals of 9 or 10 inches, near the lower edge, with 
thimbles to stay the extension plates apart, 
leaving a space equal to the diameter of the 
upright. In Fig. 88, s-w is a part of the 
extension for supporting side walk ; «, a 
cast iron saddleijireighing about 4&>s. for 
joist bearings, and c, a cross-section through 
the splice. 

To afford a proper bearing upon the con- 
necting block, it is I propo3ed to use a 
wrought iron ring (R. Fig. 84), high 
enough to throw the whole weight upon 
the extension plates ee, and f to 1" in 
width, except on the side next the beam proper, where 
it is to be clipped or drawn down to J'^ This, how- 
ever, is not an essential point In case of bridges 
already erected, the ring will have to be left open as 
at B^ and when used, heated and closed around the 
upright 





188 Bridge Building. 

CXL The Link Chord, composed of a set of links 
to each panel, connected by pins or connecting blocks 
(the latter affording also points of attachment for ver- 
ticals, diagonals, Ac.), both for Arch and Trapezoidal 
trusses, was originally adopted by the author, as the 
readiest means of putting the requisite amount of chord 
material in a manageable form, both as it regards manu- 
facturing the parts, and erecting the structure. This 
form renders the whole section available for sustaiuiuj^ 
tension, avoiding any loss in rivet or bolt holes for 
forming connections. 

The experience of more than a quarter of a century, 
during which time many hundreds of bridges with link 
chords have been constructed, and used in almost all 
conceivable conditions, (in many cases, undoubtedly, 
the links having been but imperfectly manufactured 
and fitted to the connecting blocks), with a degree of 
success and satisfaction seldom exceeded, may reasona- 
bly be regarded as &irly establishing the efficiency and 
safety of this mode of coQ#truction, when proper care 
is used in the performance of the work. 

Continued and successful usage in a multitude of 
instances, is regarded as a better criterion as to the 
reliability of a plan of construction, than a small num- 
ber of isolated tests, however severe; and such usage 
the link chord has been subjected to. 

CXn. The theoretical questions to be considered in 
this case, would seem to be, as to the possible deteriora- 
tion of the cohesive strength of the iron, produced in 
forming the bends at the ends of links — the indirect, 
or lateral strain in those parts, resulting from imper- 
fection of the fitting to the connecting block or pin, 
and, the imperfection of the weldings, both as it re- 
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gards complete cohesion, and the tendency to crystalli- 
zation under the welding heat, not being fully destroyed 
by sabseqaent hammering and working. 

The whole process of the manufacture and refinement 
of iron, is based npon the principle that disconnected 
pieces of iron brought in contact under intense heat, 
but without complete fusion, and subjected to violent 
compression, as by hammering or rolling, will unite, 
and become a single piece or mass. 

Every bar of refined iron found in the iron market, 
is composed of half a dozen or more parts, which were 
once separate and disconnected. Those having been 
'^ fagoted," or placed in juxtaposition, and submitted 
to a welding heat, and passed repeatedly between 
ponderous rollers, or subjected to the blows of heavy 
hammers, are united and drawn into bars of required 
sizes and forms for use. 

These masses, taken from the furnace and suffered 
to cool without hammering or rolling, would be found 
more or less crystaline and brittle. But the latter 
operations prevent such a result, and the iron becomes 
more or less soft and flexible, even in a cold state. 

Iron which has undergone the uniform process of 
rolling, is generally of uniform quality and strength 
throughout the whole piece ; and, as far as it can be 
used in that state, without re-heating and re-working, 
it may be regarded as somewhat more reliable than 
when it has been forged and welded into different and 
more complex forms. 

The high temperature required in welding, demands 
experience and judgment in determining the proper 
time to ^^ strike/' that is, when the metal is hot enough 
to adhere firmly, but not overheated to burning. 
Moreover, though the hammering required to bring 
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the parts together and rednce them to proper form and 
size, may prevent crystalization immediately at the 
welded point, still on either side are portions which 
may have been heated so as to change the arrange- 
ment of particles, and not subjected to sufficient ham- 
mering to counteract the deteriorating tendency. 
Hence, a break is more liable to take place a little on 
one side, than immediately through the welded part 

To obviate this liability, the parts to be welded should 
be enlarged by upsetting several inches from the end, 
so as to admit of re-drawing under the hammer a little 
beyond where the intense heat has reached. 

But theory aside for the moment, although the 
avoidance of welding in work to be exposed to great 
stress is desirable, it is nevertheless a fact established 
by large experience, that welded parts will bear as 
great a strain as takes place in well proportioned 
bridge work, with as much certainty as ever has been 
realized in any department of the means of locomotion. 

Danger lurks everywhere at all times. In railroad 
travel, boilers burst, rails break, wheels and axles 
break, etc., etc., but the failure of a weld in bridge 
work is rare indeed, and very few authenticated cases 
can be referred to. 

I would, however, prefer a weld in the straight part 
rather than in the end of a link, unless made with an 
excess of section around the bend. Whether a bend 
around a pin of 1^ or 2 times the diameter of the link 
iron is more liable to break than the straight sides of 
the link, I can refer to no reliable authority to deter- 
mine. The longitudinal strain is no greater in the 
bended, than in the straight parts, if well fitted to the 
pin. But of course, it can not be expected to have a 
fit so close as to ensure a firm pressure quite round the 
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semi-circle. Hence the bearing is mainly on the back 
side of the pin, until by a yielding to compression, and 
by a slight bending of the link end, a pressure is pro- 
duced all around. 

This slight bending, good iron will undergo without 
having its strength impaired, when in its normal con- 
dition. But this condition is disturbed in the process 
of bending, the outside portion being extended, and 
the inside compressed, whereby the stiffness of the part 
i^ increased. In the outside portion the power of re- 
sisting extension is increased, while that of the inside 
portion is possibly diminished ; and, whether the 
aggregate resistance to extension is increased or dimin- 
ished, experiment alone can determine ; and, undoubt- 
edly, the more soft and flexible the iron, the better can 
it adapt itself to a bearing upon the pin. Hence, it 
should be allowed to cool gradually from a full red 
heat, after the shaping is finished. 

Hence, also, the necessity of extra section in welded 
ends, which, being less flexible, must obtain bearing 
surface by compression and yielding of contiguous 
parts, rather than by bending,, and consequently, must 
undergo greater transverse strain in the end of the link. 

CXIII. A link formed of wire J" in diameter, formed 
to a pin /^'^ ^^ diameter at one end, and brazed with 
a long lap at the other, suffered a permanent stretch 
in the straight part, of one per 0. of its length, with no 
apparent injury at the ends. Other analogous experi- 
ments have shown similar results, namely, that the 
straight portions will yield before the bended portions. 

Now the same degree of disturbance in the metal 
takes place in a small, as in a large rod, bent to a 
curve whose radius has the same ratio to the diameter 
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of the rod. Hence, it is difficalt to avoid the ooQcIn- 
BiOD that rods of soft and flexible iron, such as ought 
to be used for tension members in bridge work, bent 
to a proper fit upon connecting pins of diameter about 
twice that of the rods, and formed into links by weld- 
ing in the straight parts, are quite safe under any stress 
within the limits adopted in bridge work. 

But it seems to be more convenient to form the we]d 
at one end of the link, if not both, and such has been 
the usual practice; and, as before remarked, if a sur- 
plus of metal section quite around the bend be secured, 
and the work well performed, this plan can scarcely be 
regarded as faulty, especially, in view of the long, 
varied, and successful usage of such vast numbers of 
links made in this manner. 

Now, although the link chord is very simple, effi- 
cient, and convenient to make and manage, there are 
available alternative devices, some of which will be 
here described. 

The Ete-bar Chord. 

CXIY. This is composed of two or more single rods, 
of oblong, square, or round section to each panel ; 
connected by cylindrical pins passing through strong 
eyes at each end of the chord bars. 

This plan until recently, has involved quite as much 
welding as the link chord; the eyes having been 
formed in separate pieces, and welded to the body of 
the rod. But within a few years a process has been 
devised by the PhoBuix Iron Co., of Pennsylvania, for 
upsetting and forming eyes upon rolled bars. A mold 
or die gives the desired form and size to the head, and 
aside from the fact that a Violent disturbance of the 
normal condition of the iron is produced in the vicinity 
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of the head, there can he no question as to the excel- 
lence of the work produced ; and it is undouhtedlj, 
perfectly reliable, under Buy stress to which it is ad- 
missible to expose the material in bridge work. 

Figure SOB represents the joint of an eye-plate chord 
at c, adapted to the arch truss. Upright and diagonals 
have each an eye to receive the connecting pin at the 
lower end. The upright has a washer above the eye 
to form a beam scat above the eyes of the chord plates. 
Perhaps the washer should be in the form of a saddle 
or stool, with downward projections bearing upon the 
pin outside of the diagonals ; or, perhaps inside, in 
case the diagonals be in pairs, as before suggested, 
[cm.] 

Size of Connectino Pin. 

CXV". Considering the average bearing upon the 
pin, to be at the centre of thickness of the eye, or link 
end, as the case may be, the thickness of the eye indi- 
cates the leverage upon which opposite links act, when 
side by side upon either end of the pin. Estimating 
the strength of the pin, then, at 4,500Ibs. to the square 
inch of section, with a leverage equal to the diameter 
of the pin [see xcviii,] we obtain the proper diameter 
of the pin as follows : 

Let a""area of section in link or chord bar. 
^■■thickness of eye—leverage of action. 
a:»diameter of pin, in inches. 

Then, .7854a::^-"area of pin section; and this multi- 
plied by 4,500 £ « ?5^a:», equal to the resisting power 

of the pin ; while 15,000a-"the power of the link ; and 
putting these two expressions equal to one another, 
and deducing the value of x^ we have the required 

diameter of the pin, ^^.244a.i inches, —z. 

25 
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CXVL K aai4 square inches, and /»1.5 inches^ 
then a.t — 6, and x — ^6x31544 « 2.94 inches. 
This diameter of pin is required to withstand the action 
of the chord alone, which is the only stress upon the 
pin when the chord is at maximum tension. But 
when the diagonals running in the same direction 
horizoutally, with the inside links, are brought into 
action, they act in conjunction with the links iu pro- 
ducing stress on the pin. 

Now, tlie greatest stress upon 6n, Fig. 11 [see xxxiv] 
occurs when the point b alone is loaded, and the links 
ab sustain f of their maximum stress from movable 
load, and 6/2 sustains 5u''',givingahorizontal pull ofabout 
6 5m?", the amount varying with depth of truss. Again, 
besides the 6io" bearing at the point a, in virtue of 
the movable weight (?r), at 6, we have Zw' due to weight 
of structure, also bearing at a; and assuming 8m' to 
be equal to lir, or 7m?" the whole pressure at ^, equals 
13w", when the horizontal pull of bn equals 6.6m?". 

The tension of aby in the usual proportion of arch 
trusses, equals about 2^ times the bearing at a^ whence 
the stress of ab with the point 6 alone under load, 
equals 13m?"x2.25, « 29.25m?". Deducting from this, 
6.6m?" for horizontal pull of 6n, it leaves 22.1b\o" =« 
stress of "Sc. Then, assuming the diagonal to act in 
the centre of the pin, and the length of pin between 
centres of bearing of outside links to be 27", we find 
the stress at the centre of the pin, by taking the mo- 
ments with respect to the centre, of the action of the 
two links at either end of the pin. The difference of 
these moments, the forces being opposite, is the mo- 
ment of the force producing stress at the centre of the 
pin ; in other words, it is the force acting transversely 
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upon the pin, at a leverage of 1 inch, the inch being 
our unit of length. 

We found the pull of ab — 29.26u?", or 14.625m?'' at 
each end of the pin, which multiplied by distance from 
centre (13.5") gives a moment « 197.4376u?", while for 
fc, the moment is J X 22.75x12" — 186.50m?" ; and the 
difference ■■ 60.9375M7'' ■■ stress in centre of pin, upon 
a leverage of 1". 

Assigning such a value to to" as will give the as- 
sumed stress of 15,000fi>s. to the inch upon ab with the 
truss fully loaded, with a bearingat a, of 21m7" for mova- 
ble, and 7m>" (■■ 8m?'), of weight of structure, we find a 
stress of 28 X 2 J (- 63)m?" « 8 X 15,0000»>s. - 120,000»>s ; 
whence m?" >« l,905fi)s. which, being substituted in the 
above amount of 60.9875m?" gives the stress in pounds 
at the centre of the pin, on a leverage of 1", equal to 
116,086&s. 

We have seen [xoviii] that the resisting power of 
a projecting pin equals4,500—, which in this case, equals 

4,500ad (L being — 1), equal to 4,500 x.7854a:*. Then, 
making this expression -■ 116,088fi>s. we have x ■■ 3.2" ; 
being 0.26" larger than is required to withstand the 
action of chord alone, at its maximum stress, as already 
shown [cxvi.]. 

By similar process we find very nearly the same re- 
sults with respect to the shorter pins toward the centre 
of the truss. . For, although the maximum action of 
diagonals takes place under greater stress upon chords, 
the difference is balanced by diminution in length of 
pins toward the centre of the truss. 

Should this mode of connection be adopted, the pre- 
ceding illustrations and examples, it is hoped, will 
enable the proper proportions of connecting pins to be 
determined for trusses of whatever dimensions. 
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A RivETKD Platb-chord. 

CXVIL May be formed of flat plates as long as may 
be conveniently managed, connected by splicing plates 
of a little more than half the thickness of the chord 
plates, one upon each side, riveted' or bolted with such 
a distribution of rivets, &c., as may not weaken the 
plates by more than the width of one rivet hole. 

The area of rivet section should be at least f to | as 
great as the net section of the chord plate, on each side 
of the joint; and, ^o. Fig. 84} denoting the splicing 
plate, the distance cdj from the joint to the centre of 
the first rivet hole, should be at least twice the diame- 
ter of the rivet (depending somewhat upon the size of 
rivet and thickness of plate, as well as the soundness 
of grain in the iron). The succeeding rivets, a, €,/, 
&e., should be placed alternately on opposite sides of 
the centre, so that the oblique distance ac (» O), may 
equal the transverse distance (» T), + the diameter 
of whole (■■ H ). Then, representing the longitu- 
dinal distance 6c, by L, we have T+H » O, and 
(T+H)^ - 0», - T»+L» - T»+2TH+IP; whence L 

- %/2r.H + m 

If the plates be 6" wide, and T — SJ" (which is re- 
garded as in good proportion, the above formula gives 
L «■ 2J" very nearly, for a f " hole. Then, 5" being 
allowed for the space ce, and 2" each for cd and eg^ the 
splice plates would have a length of 20}'^ and | of the 
whole section of chord plates would be available for 
tension; since an oblique section through two holes, 
would quite equal a direct transverse section through 
one hole. 

The amount ,of rivet section above given is estimated 
upon the assumption that each rivet must be sheared 



Arch Truss Bridges. 197 

off in two places ; and that it will resist, those shear- 
ings, each, with ahout f of the force required to pull 
the rivet asunder by direct longitudinal strain. 

It is obvious that the two rivets e and/. Fig. 84},8U8* 
taining a portion of the stress of the chord plate, relieve 
in the same degree the stress upon the portion between 
those rivets and the joint, or end of the plate ; whence 
it is not necessary to preserve the same section in the 
portion thus relieved, as in other portions of the plate. 
Therefore the rivets a and c, nearer to the joint, may 
be larger than e and/, when the section of plates re- 
quires more rivet section ; provided always, that the 
least net section of splice plates, have as great an area 
OS the chord plate has through only one of the smallest 
rivets. For instance, four f " rivets are sufficient for 
plates 6" X J". But plates 6" xf'' require more 
rivet section — say f " for e and /, and |" for a and c ; 
while, the same for the former and V rivets for the lat- 
ter, give about the required section for plates &' x i'\ 
This feaves in each case, the same proportion of net 
available section of plates. 

Moreover, if rivets a and c be placed opposite to each 
other, and /be removed to a, the rivets being f and 
1" respectively. Then, the smaller rivets sustaining 
over ^ of the stress, while the others sustain less than 
§, the latter may cut off \ of the net section (which is, 
in this case y less than the whole width of plate), and 
still leave enough to sustain more than their own 
legitimate share of the stress. 

This may -be done by one rivet or two, placed op- 
posite e; and thus the length of splice plates may be 
shortened to 15^ inches, instead of 20^, as represented 
ill the diagram. But, as in this case, the long plate 
has a net width of 5^'' and the splice plates, only 4" 
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the latter require 31^ per 0. more thickndsB than the 
former, bo as to nearly or quite balance the saYing in 
length. 

As to the proportions of parts, in this kind of work, 
I would suggest that the thickness of plates be from ^th 
to I's^b ^^ their width, and the diameter of rivets, from 
1 to 1^ times the thickness of plate& If plates be very 
wide and thin, they may be liable to be strained un- 
evenly, and if very narrow, an unnecessary proportion 
of section is lost in rivet holes. 

Fig. 34i. 
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CXVni. The end connections of plate chords of this 
kind, may be effected by riveting on side plates at the 
ends, as seen at E, Fig: 84^, so as to give a thickness 
that will allow about ^ of the width of plate to be cut 
away by a hole for the connecting pin P, either round 
or oblong with square ends for adjusting keys or 
wedges. 

Or, the side plates may be omitted, and 'two key- 
boles made in the middle of the plate, one for a key 
having a thickness equal to the diameter of the smaller 
rivets, and far enough from the end to admit of another 
hole nigher to the end, with about 2" between the holes. 
This may, if necessary, have twice the width of the other 
hole, and should leave at least twice the width of hole, 
between hole and end. 

The width of the wider hole,+ twice that of the other, 
should equal about half the width of the plate ; and 
the keys should be driven to an equal bearing before 
the work be subjected to use. 
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The connecting blocks used with this chord, sus- 
taining only the horizontal action of diagonals, may be 
considerably lighter than those used with the links, 
especially iu arch trusses. In order to transfer the 
horizontal action of diagonals to the chords, mortises 
may be made in the plates, as seen at m Fig. 84^^ not 
wider tha^ the smallest rivets used in splicing, to re- 
ceive tenons of wiought iron cast in the block. 

As to the merits of the riveted platey as compared 
with the link chord, it may be assumed that two splices 
are sufficient for any truss not exceeding lOy long, and 
that the weight of splicing plates and rivets will equal 
4 or 5 feet extra length of plates, say 6 per cent upon 
a chord 80' long. To this we have to add about 14 
per cent for extra section to compensate for rivet holes, 
making 20 per cent of iron lost in forming connections. 

Links require about half as much extra material, to 
be taken up in bends, lappings, ai\d enlargement of 
section at the ends: showing about 10 per cent less 
iron for the link, than for the plate chord. This would ^ 
amount to about 400&S. for two trusses of 80', with 
links of 1}'' round iron. But this may be nearly or 
quite balanced by 500 or 600&>s. of castings, which 
may be saved in weight of connecting blocks. 

The economy of material being so nearly equal in 
the two chords, their relative merits must depend 
mostly upon the comparative cost of manufacture, and 
the relative efficiency of the chords in use. It is deemed 
far from improbable that the riveted plate chord might 
be found, on fair and thorough trial, to be worthy of 
extensive useiu arch trusses, in place of the link chord. 
The fact that in the plate chord, the iron is used in its 
original condition, as it comes from the rollers, is cer« 
tainly favorabler. 
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BRIDGES WITH PARALLEL CHORDS. 

CXIX. These may be constructed with or without 
vertical members, and in form, either rectangular, with 
vertical end posts, or trapezoidal, having inclined 
end members, or king braces, as exhibited in Figs. 
12, 13, 18 and 19. 

Trapezoidal Truss Bribob, with Tension Diagonals 

AND Compression Verticals. 

For short spans, less than 70 or 80 feet long, the 
simple cancel, as in Fig. 12, will generally be used, 
with trasses too low to admit of connection between 
npper chords, except in case of deck bridges. 

The same plan of lower chords composed of links 
and cast iron connecting blocks, may be used, as 
already described for the arch truss. The connecting 
blocks are shorter, and may be cast^in connection with 
the upright, or the latter may be in a separate piece. 
In the latter case, the block should have a suitable seat 
to receive the upright, and keep it in place. 

As the upper chord depends upon the stiffness of the 
beam and upright for lateral support to keep it in line, 
the upright should be firmly attached to the beam, and 
at right angles therewith. 

There is no mesms of estimating exactly the trans- 
verse force which the chord may exert upon the up- 
right. But if the ends of chord segments be properly 
squared and fitted, the lateral tendency will be quite 
small. It is recommended, that each upright have a 
transverse strength sufficient to withstand a force of 
l,OOOIbs. acting at the upper chord ; that it have a web . 
and flange form of section, with a width of web at the 
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coonection with the beam, oot less than -^f of the dia- 
tanee of upper chord from the beam. 

Fig. S5 will serve to illustrate the modes of connec- 
tion for most of the memhera of a bridge of the kind 
■ under cousiderution. That 

part of the upright between a and 
b, is contracted in length. Other- 
wise, the parts arc represented 
in nearly correct proportions. 
At e, is represented the connec- 
tion of the upright with the end 
of the beam, bj means of a 
double eye and bolt, as shown at 
A. This receives the web of the 
beam, to which it is secured by 
the transverse bolt, which should 
be long enough to receive the 
eye of a sway rod tinder both head and nut. The stem 
of this fixture extends tlirough the upright at its widest 
part (whence it may taper in both directions), and is 
secured by a not upon a screw of about IJ" in diame- 
ter. The beam should rest with its lower flange upon 
a small projection cast upon the upriglit, and not hang 
upon the connecting fixture. 

If so preferred, the sway rods may he connected by 
a screw and nut cast in the end of the connecting 
block, as seen at d. This plan has been used, but the 
connection by the bolt at c \a deemed preferable. 

The outer and inner flanges of the upright at the 
top, being increased to nearly an inch in thickness, ac- 
cording to size of bridge, and extending 3 or 4 inches 
above the weh, terminate in semicircular concaves to 
receive the pin connecting the diagonals with the 
upper chord. A full view of the flange at the top of 
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the npriglit, with the pia rcBting in the concave, is 
shown at e. 

A heavy cross-bar from flange to flange at a, and 
light cross-bars at intervals of 16 to 18 inches from a 
to bj serve to support the flanges, and stifien the piece. 

The diagonals are formed with eyes to receive the 
connecting pin at the upper end, and screws and nuts 
to connect with the block at the lower chord, in the 
same manner as in the arch truss* 

The main diagonals, those inclining outward from 
the centre of the truss, should be in pairs, and in size, 
propoitioned to the stress they are liable to, as deter- 
mined by the pcocess fully described in sections 
zxxix, &c« 

The links acting in conjunction, horizontally, with 
the main diagonals, should go on next the end of the 
connecting block, as that arrangement obviously pro- 
duces less stress upon the block. 

The upperchord, usually formed of hollow cylinders, 
has openings in the underside at the joints, for uprights 
and diagonals to enter, where they coimect by means 
of the transverse pin already mentioned. The cylin- 
ders should ha\^ an extra thickness for 8 or 4 inches 
from the ends, and a strong collar around the opening, 
to restore the loss of strength occasioned by the open- 
ing ; and the ends should be squared in a lathe, to 
secure a perfect joint and a straight chord. 

If it be required to give a cambre to the truss, the 
ends of cylinders should be slighly beveled at the ends, 
making the under side a trifle shorter. This is easily 
eflected by throwing the end opposite the one being 
turned, out of centre more or less, according to the 
cambre required. An 8 panel truss requires an ex- 
centricity equal to ^^ of the requiredrise in the centre 
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of the truss. For any even number of panels, make a 
series of odd numbers, 1, 8, 5, &c., to a number of terms 
equal to half the number of paneid; add the terms of 
the series, and divide the required cambre by the sum, 
and the quotient equals the required excentricity to 
give the proper bevel. 

For an odd number of panels, take as many even 
numbers 2, 4, 6, &e., as equal half the greatest even 
number of panels; add the terms and divide as before 
for the excentricity. For illustration, for 8 panels, the 
four odd numbers 1+3+5+7 «■ 16, whence the excen^ 
tricity should be ^9 of the cambre, as above stated. 
For a 7 panel truss the three even numbers 2+4+6 « 12. 
Hence the excentricity should be y\ of the cambre. 
The reason for this rule will be obvious without more 
particular demonstration. 

At the obtuse angles of the truss, a hollow elbow is 
inserted (^, Fig. 85), reaching about 10 inches each 
way from the angular point, at the centre of the con- 
necting pin, with an opening in the under side for up- 
right and diagonals to enter, where they are fastened 
by a pin or bolt, as at the intermediate joints ; the 
cylinders meeting the elbow, being shortened by as 
much as the elbow extends from the angle, either way. 

The vertical member connecting with the elbow, is 
exposed to tension only, sustaining a weight equal to 
the gross panel load of the truss. It may be composed 
of two wrought iron suspension rods, united in a single 
eye at the top, and diverging downward to a connection 
with the beam and connecting block; or, it may be of 
cast iron, like the intermediates, with wrought iron eye 
plates, in place of the cast iron flanges with concaves 
as seen at e. These should be fastened by efficient 
means to the cast iron part of the upright; which lat- 
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ter should have a cross-eection nowhere less thau 
one square inch to each 2,000fts. of the gross panel 
load. A complete wrought iron connection from beam 
to elbow, however, is to be preferred. 

The thickness of web and flanges of the uprights, 
shonid be from f to ^ inch, and the cross-section of 
upper chord cylinders should be about 20 per C. greater 
than that of the portion of bottom chord forming the 
opposite side of the oblique parallelogram included be- 
tween consecutive main diagonals and included sections 
of chords ; t^sdekly Fig. 12. 

The upright should be so formed as to bring the cen- 
tres of upper and lower chords in the same vertical 
plane. 

Sway rods in this class of bridges, should be about 
f " in diameter, with a turn buckle near one end for ad- 
justment, and an eye at each end, for connection with 
the bolt at c. The screw working in the turn buckle 
*is cut upon the short piece, which should be ^" larger 
in diameter than the long piece which has no screw 
upon it. 

The lower chords, king braces, and sway rods of the 

endmost panels, connect with cast iron foot pieces 

Fig. 36. upon the abutments, as represented 

in Fig. 36. The portion of lower 
chord in the end panels, usually 
consists of single rods, instead of 
links, with an oblong eye at one 
end to receive the connecting block, and a screw and 
nut for connection with the foot piece (Fig. 36), at the 
other end. 

This plan of construction will generally yield pre- 
cedence to the Arch Truss plan, for short spans, except 
for deck bridges upon rail roads, in which case the 
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Goat Iron Uprighla 
are composed of two or more pieces. When of two 
pieces, they may be coDnected by flanges and bolts at 
the centre, where they should have a diameter of about 
1^ of the length, and a cross-section determined by 
the maximum stress, and the power of ruBistance of 
the material, as indicated in the table [sciii.] 

The upright may taper from the centre to either end 
to s diameter of 6 to 6 inches, internally. The lower 
end is to stand upon 
^"'- ^^- B properly formed 

mmg seat [h Fig. 37), 

upon the connect- 
ing block of the 
lower chord, and 
may have an open- 
ing at the bottom, 
upon the inneraide, 
11 H where the beam 

may enter and rest 
upon a seat (e), inside of the upright, npon the coa- 
necling block. The strength destroyed by tbie cutting 
the post should be restored by additional metal in a 
band or collar (tf, Fig. 87), around the opening, and, 
if necessary, by the wing flanges d d, extending 6 or 8 
inches above the opening. To avoid too much cutting 
of the post, the flanges of the beams may be reduced 
to 3 or SJ inches in width. The post and beam eeat 
upon the connecting block may be elevated 8 or 4 
inches above the links, as may be required, eo as to 
allow sway rods to pass through with simple screwa 
and nuts for at^ostment ; thus dispensing with tnm- 
bnckles. 
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» 

Iloles should be cast in the central part of the post, 
for diagonals to pass obliqaely through. Or, what is 
perhaps better, the connecting bolts may be length- 
ened so as to permit the insertion of an open box, or 
frame, between the flanges, as seen at a, Fig. 37. 
This intermediate piece should be so constructed as. 
to close the ends of the hollow pieces meeting it, and 
prevent' the water from getting inside. 

The top end of the upright is forked, with concaves 
for the connecting pin to rest in, as described in the 
last section, and as seen at a, Fig. 88. The cap piece 
of the post may be cast separate, or in connection with 
the upper half of the column. Both plans have been 
satisfactorily used. All joints, when practicable, 
should be accurately fitted by turning or planing. 

This plan of a cast iron upright, composed of two 
principal parts, with or without the centre piece, is 
perhaps as good as any for general use ; the principal 
disadvantage being the difficulty of giving a sufficient 
diameter in the middle for stiffness, without two much 
reducing the thickness of metal, or increasing the 
amount of cross-section beyond the proper theoretical 
proportions. 

To obviate this difficulty, the device adopted in the 
original model of the Trapezoidal bridge, was that of 
using truss-rods, or stiffening rods, to secure the post 
against lateral deflection, after the mannner shown in 
Fig. 88. 

In the case of using stiffening rods for the uprights, 
it may be recommended to form each half of the column 
in two pieces, somewhat in the manner above described 
for the whole one, without stiffeners; making the 
piece forming the end portion about ^th shorter 
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than the other, with a strong flange at the larger end, 
to afford attachments for the stiffening rods. 

FiQ. 38. 




In Fig. 88ja c d exhibits the upper half of the up- 
right ; A, the stretcher at d ; /-, the flange at c (enlarged), 
and t,^, enlarged sections of the two ends forming the 
joint at c. The piece running toward the centre has no 
flange at (?, but has an increase of thickness for a short 
distance from the joint, as shown at^', and a diameter 
about }" larger than the abutting piece, which latter 
has a small burr entering the former J" or J" to keep 
the ends in place. At ^/, each of the pieces meeting 
at that point, has a bi-furcation, so as to form an open- 
ing for diagonals to pass through, at the same time 
passing through the stretcher K 

The lower half of the upright is the same as the 
upper, except the end, which is squared to fit a flat 
bearing upon the connecting block. An enlarged ver- 
tical section of the lower end is shown at 2, Fig. 38. 
See also Fig. 87, where is shown the arrangement for 
the beam to enter the opening in the lower part of the 
upright, as described a few pages back. 

Floor beams of wood or iron may be suspended be- 
low the chords by bolts passing down through the 
' connecting blocks, or, -> wooden beams may be in two 
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no antagonist rods on the opposite sides to prevent the 
springing of the struts. The end panels should have 
two full diagonals with turn-buckles, and two half 
diagonals connecting with the centre of next strut. 

Fio. 39. 




Tn Fig. 39, a shows the middle of the cross-strut, 
with the upper flange removed; c, a joint of the upper 
chord, where the connecting bolt passes transversely, 
receiving eyes of sway-rods, and nut, and entering the 
end of the strut at d ; the upper part of the strut being 
removed, down to the socket. The bolt bears upon a 
slight swell in the bottom of the socket, to ensure a 
central thrust : (see also, 6, Fig. 38). At e is presented 
a side view of the centre of the strut, showing the ar- 
rangement of the holes. 

A similar device has been used with good effect for 
giving lateral support to posts or thrust uprights, of 
the web and flange form, so proportioned as to have 
greater stiffness transversely than lengthwise of the 
truss. 

It has been demonstrated that the weight sustained 
by these posts, increases toward the ends of the truss, 
while the tension of counter diagonals runs out to 
nothing, a little way from the centre of the* truss. For 
instance, 4/6 Fig. 18, sustains 6u?" — IJw;', which is a 
negative quantity whenever w is less than 4ii/, that U, 
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when the greatest movable load is less than four times 
the weight of structure, as is usually the ease. * But 
instead of dispensing with that member, and other 
counters on the left, they may be made in two pieces 
each, off" or |" iron, connecting with the upright at 
the crossing by screws and nuts, in the manner above 
described ; thus preventing the uprights from deflect- 
ing lengthwise of the truss, where the greatest weights 
act upon them, and where otherwise, they would re- 
quire to be heavier. 

General Transvbrsb Support. 

CXXI. The system of cross-struts and diagonal ties 
serves to preserve the upper chords in line, but^ does 
not prevent the whole structure from swaying bodily 
to the right or left ; a result which would be fatal to 
the structure. 

In the arch truss Pig. 27, the width of base at the 
bearings upon abutments, resulting from the peculiar 
form of the arch, affords the required stability in this 
respect. 

In case of the trapezoidal truss, when high, various 
devices have been resorted to for producing the 
dame results. For deck bridges, cross -tying between 
king braces at the ends, is an easy and efficient means 
of accomplishing the object For through bridges, 
guys from the connecting bolt at the elbow of the ob- 
tuse angle, anchored in the abutment, may be em- 
ployed. But this requires extra length of abutments 
and piers, and the effects of change of temperature, 
Hre, to tighten and slacken the gays, so as to impair 
their efficiency. 

To obviate the latter objection, double acting guys 
(acting by thrust and tension), applied at one side only 
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of the bridge, have been employed: the effect of 
temperature being only to very slightly sway the 
bridge laterally, bat not so as to be detrimental to sta- 
bility. This also, requires 5 or 6 feet more length of 
pier, than what is necessary to bear the vertical pres- 
sure. 

Again, the king braces have been made with two 
branches diverging from the elbow to a base of 2 or 8 
feet in width, according to height of trass. This plan 
has been used in a large number of bridges, with sa- 
tisfactory results. But it contracts to a small degree, 
the available width of bridge ; not, however, so as to 
produce material inconvenience. 

Another device is, the introduction of two or more 
long beams, extending 5 or 6 feet outside of the trusses, 
say at the first thrust uprights from the ends (as over 
Figs. 8J, 8J, Fig. 18), with guys extending from the 
connecting bolt at the upper chord, to the ends of said 
long beams (see g Fig. 88). 

Arches may also be introduced at the ends of the 
bridge, attached to the king braces, say a quarter of 
the way down from the top, and with the connecting bolt 
at the elbow. These may be made with a full, or an 
open-work web, and flanges of 2J or 2J inch angle 
iron upon both sides of the web, at the top, and around 
the arch, and either angle iron or plain flat bars, along 
the sides next the king braces. 

A web of ,»g" plates placed edge to edge, and bat- 
tened upon both sides with plates of the same about 
4^^ wide, riveted alternately on each side of the seam, 
with angle iron, etc., as above, riveted once in 6", forms 
a stiff and substantial arcb for the purpose under con* 
sideration, such as have been used effectively in a 
bridge of 160ft. span. 
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Moreover, simple arch braces extending from the 
kiug brace to a stiff and. Bubstantial cross beam from 
elbow to elbow 
(see Fig. 40), will 
effect nearly the 
same result as the 
arch. Iq both 
cases, a considera- 
> ble degree of lateral 

stress is liable to 
be thrown npon the 
king braces, which 
accordingly should 
be strong, or sup- 
ported by truss 
rods, and strats 
opposite the feet of the arch or braces. 

Whether the trass rods be used or not, it is advisa- 
ble that the connection with the king brace be made 
by means of a bolt running through the whole dia- 
meter of the king brace, with nut or shoulder bearing 
externally and internally upon both sides, to counteract 
any tendency to collapse. 

Fig. 40 presents an end view of ft bridge, showing 
arch braces, with truss rods to sustain the thrust of 
arch braces against king braces. The internal figure 
gives an enlarged view of the connection at the elbow. 
A strap a (about f"x5"), bent twice at right angles, 
is riveted or bolted to the flanges of an I beam 
(about 9" deep), leaving a apace of aboat 4 inches from 
the end of the I beam, for eyes of two sway rods and a 
nut Qpon the large connecting bolt This bolt in large 
bridges being from 8 to 4 inches in diameter through 
the elbow, is reduced to 2 or 2^ inches in the part pro- 
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jectiDg through the strap above meDtioned, and the 
eyes of sway rods. 

The truss rods may not be necessary (with substan- 
tial king braces), for spans not exceeding 150 feet 
But they will add to the security, in all cases of rail- 
road bridges having cast iron king braces. These 
members being over twice the length of the cylinders 
in the upper chord, are usually cast in two pieces, aad 
connected by bolts and flanges in the middle, where 
they have a diameter of about ^ of the length of 
brace, and taper to the size of the upper chord at the 
ends. 

CXXn. Wrought Iron Thrust Members. 

The trapezoidal bridge, as described in detail in the 
preceding section, and as originally intended, is a 
wrought and cast iron bridge. But it will readily bfj 
seen tbat with slight modification of detail, it is easily 
adapted to the use of wrought iron upper chord, verti- 
cal posts, and main end braces ; which latter, for con- 
venience, have been designated in this work, as king 
braces. 

All of these members may be in the form of the 
patent wrought iron column of the Phcenix Iron Co. 
of Pennsylvania, formed of flanged segments, united 
by riveting ; or of rectangular wrought iron trunks, as 
well as various other forms of section. 

For the Phoenix column, a cast iron connecting 
piece may be inserted at the joints of the iipper chord, 
with ends formed to enter the squared ends of the 
chord cylinders, and receive them against a shoulder 
of the connecting piece. This piece may have an 
opening in the under side to receive the diagonals 
and uprights, where they are secured by a transverse 
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coDDectihg bolt, in the same manner as at the joint of 
the cast iron chord cylinders, as before described. In 
this case the upright may have a cast iron top piecc^ 
formed as seen in Figs. 85 and 38 upon the top of cast 
iron uprights. A separate top piece has sometimes 
been used with cast iron verticals. 

FiQ. 41. 




The connecting piece may also be formed as indi- 
cated in Fig. 41, with a downward branch like pro- 
cess to meet and receive the squared end of the vertical 
in the same manner as the horizontal part connects 
with chord cylinders. In this case the connecting 
piece must have openings as at 6 6 Fig. 41, for the eyes 
diagonals to enter. 

Fig. 41, shows an inside view of the joint piece, as 
it would appear if cut vertically and longitudinally, 
and the near half removed. The horizontal part con- 
sists of a cylindrical shell a little thicker than the 
wrought iron chord cylinder, with ribs upon the out- 
side corresponding with those of the wrought cylinders, 
and as shown in end view c. Upon the inside, the 
ring and flanges a a, project inward, leaving usually a 
space of about 5 inches (according to dimensions of 
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bridge), for eyea of diagonals. These are to ease the 
lateral strain of tLe connecting bolt or pin. 

The process meeting the vertical, ma; be rectangu- 
lar in horizontal section, composed of two parallel flat 
plates, in form as may suit the taste of the designer, 
united by two irregular plates formed to the profile of 
the parallel plates. The openings for diagonals, are, of 
course, through the irregular plates. These are drawn 
in at the bottom so as to form a square with the paral- 
lel sides, large enough to cover the flanges of the 4 
segment column selected for the upright. See Fig. 41. 

The inside of the square (/, is filled in to form a hol- 
low round, about an inch less in diameter than the 
hollow of the column, that it may have a ring or collar 
(represented by the inner white ring around rf), project- 
ing about 2 inches beyond the shoulder into the wrought 
iron column. 

On the top of the joint piece may be an arrangement 
of oblique holes for the attachment of lateral x ties, 
and on the inside, facing the opposite truss, an abutting 
seat for the cross-strut, which may be in the form of a 
6" I beam, or such other form as may be preferred. 

The foot of the post may stand upon a properly 
formed seat upon the connecting block of the lower 
chord, with an opening to receive the beam, in the 
same manner as described for the cast iron post. See 
Fig. 87. 

It will be necessary ror diagonals to pass through the 
centres of uprights, and for that purpose 10 or 12 inches 
in length, as may be necessary, may be left out of two 
opposite segments, and the strength thus lost, restored 
by additional metal, in such form as may be found con- 
venient and efficient. Or, a cast-iron middle piece may 
be inserted in the upright 



Wrought Ir(Jn Thrust Members. 217 

In the case of an upper chord of rectangular trunks^ 
and uprights of other than a cylindrical form, the joint 
piece will be correspondingly modiiied. 

The position of diagonals may be reversed, connect- 
i^g by an eye with a wrought cylindrical connecting 
pin at the lower chord, and by screw and nut with the 
joint piece of the upper chord. This involves merely 
a question of practical economy and convenience. 

Sometimes, also, the connection is made by an eye 
at both ends of the diagonal, depending upon accuracy, 
as to Iciigth, in the manufacture, for the proper ad- 
justment of parts. It is also practicable to provide 
means of adjustment in the length of vertical members. 

CXXIII. But, to enumerate all the changes, and 
peculiarities of detail admissible in the construction of 
the Trapezoidal Truss Bridge, even if practicable, could 
hardly be regarded as expedient in this place. The 
essential requisities are, to provide material enough of 
good quality in all parts, to withstand the forces to which 
they are respectively liable, with efficient connections 
of parts, by the most direct and simple means, and with 
8*ich an arrangement and adjustment as may produce 
the most uniform degree of strain upon all parts of 
each member. Foi* instance, ecah section of the lower 
chord is usually composed of several bars, and it is im« 
portant that each should sustain its proportionate share 
of the stress. 

In the link chord composed of two links to each 
panel, if the links be properly fitted, the two sides of 
each must act very nearly alike, while the connecting 
block acts as a sort of balance beam to equalize the 
tension of links acting upon its two ends ; and, if the 
two links of a pair yary slightly in length, the connect- 

28 
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ing block still secoroB equality of streaa upon the two. 
The same is the case with regard to a chord composed 
of two eye bars instead of links, to each panel. 

But the serious mistake is sometimes committed, of 
patting the two links or bars upon the same side of 

those in the succeeding panel. 
Fig. 42. ^ j^ ^ig 42 ; where it is ob- 

ji ■ vious that the inside links («, 
""—""' i, c), are exposed to more ac- 
C tion than d, e, /. 

For, if the inside links be 
8^', and the outside ones 4^' from centre of pin, since 
a and b tend to turn the pin in one direction about its 
centre, and d and e in the opposite direction, the forces 
being in equilebirio — the moments (with respect to the 
centre), of forces tending in one direction, must be 
equal to those of forces tending in the opposite direc- 
tion. Hence, representing the stresses of the several 
links by the letters designating them respectively on 
the diagram, we have 8 x (a + 6) « 4 x (d + e), whence, 
a + A = I (d + 6) ; showing J more stress upon the in- 
side than upon the outside links. 

On the contrary, if the link 6, be removed to ef upon 
the inside of a, then d and ef act in one direction, and 
(z and 6 in the btiher; and, assuming as before, the 
inside links to be S'\ and the outside ones 4" from 
centre of pin, we have 4a + 86 » 4d + 8ef. But a + rf 
= 6 + 6', and if the force be communicated at the ends, 
equally upon the two sides of the chord, giving equal 
stress upon a and d^ for instance, the tendency is to an 
even balanced action throughout the length of chord. 

Hence the two links of each panel should always 
act upon the connecting block or pin, at equal dis- 
tances from centre of pin. 
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CXXIV. In very long or heavy bridges, the required 
amount of chord section in the middle portion of the 
truss, is so great, that it is deemed expedient to intro- 
duce more than two links or eye bars to the panel. 
This is sometimes done by alternating them upon the 
connecting pin, increasing the number and sizes ac- 
cording to the increase of stress from panel to panel 
toward the centre. 

This mode of construction, unless the, bars be ar- 
ranged and proportioned with almost impracticable 
care and nicety, is liable to be attended by an accumu- 
lation of lateral strain upon the connecting pin, beyond 
what it can bear without bending, or springing so much 
as to materially disturb the equality of stress upon 
the links, or chord bars. 

Fig. 43. 

^Si> •••••••••••• ■•■•••••• ^•••■•«»««*« »•••••••••« >«■■•••■••« >•••»•••••■ »*«•••••••« 




To illustrate this subject, let Pig. 48, represent one 
quarter of the chord of a 16 panel bridge. The line 
CC may denote the central axis of the chord running 
through the centres of connecting pins ; D, at a dis- 
tance of, say 8" from C, the line in which the diago- 
nals act upon pins, and the other parallel lines at 
intervals of 3'' from D, and from one another (see Figs. 
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on right band of diagram), the centres of thickness of 
links, at which points the action of respective links 
is supposed to be concentrated upon the pins. Also, 
let a, by c, etc., represent the panels of tbe chords. 

Now, if 15W, or 15, represent the stress npon the 
chord in the two first panels, a and 6, that of the suc- 
ceeding panels to the centre, will be as 22, 34, 44, 52, 
58 and 62 (see lower figures in diagram), and the dia- 
gonals (producing increments of action upon chord), 
will have a horizontal action represented by 7 in panel 
6, by 12 in panel c^ and so on by 10, 8, 6, 4. These 
being added successively to 15, produce the numbers 
just stated for the chord in the several panels. 

The first three panels, a,6 and c, require only one link 

upon each side, as indicated by the oblique black lines. 
The 4th panel, dy may have 2 links on a side, and the 
most favorable position for them, as regards action 
upon connecting pins, will be as shown, diverging 
from the central axis, so as to bring tbe end toward 
the abutment, nearest to the main diagonal connecting 
with the same pin. 

The first pin, connecting a and 6, having two equal 
forces acting in opposition, but at different distances 
from the centre line C, we take the moments of these 
forces with respect to that line^ which are, for a, 
15xl4«210,andfor6, 15x11=165. The difference (45) 
between these moments, equals the moment of the 
resultant, or the lateral stress of the pin, exerted on a 
leverage of V\ 

Assuming the value of W, our unit of stress (and 
always understood as annexed to the figures denoting 
stress), to represent 5,000fcs. we have for stress of pin 
in this case, 45 x 5,000h-L. The L, being 1" may be 
omitted in the expression. 
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Then,makinga;=diameterofpin,itsre8i8tingpower« 
^x4,500 (see [xcviii])« .785a:* xxx 4;500 -5- 1''- 

8,532.5a::'; and putting this equal to 45x5,000 (the stress 
above found), we obtain x™^" (very nearly),=required 
diameter of pin. 

At the next pin we take the moments of one link 
15xl4"«210, and one diagonal, 7 x8"=56, making 266 
in one direction, against that of one link, 22xll"s» 
242. Hence the resultant moment » 24, and 24 x 
5,000«3,582.5a:', gives the required diameter of pin in 
the cenirCy xsbsSJ', nearly. But this is the general 
stress in the portion of pin between diagonals, and 
may be greater or less than at certain points where 
forces are applied. For instance, if the aggregate 
moments of forces in opposite directions be equal, the 
resultant moment is nothing, and the middle portion 
of the pin, between diagonals has no stress, and might 
be cut out and removed, as far as strength of chord is 
concerned. In the case In hand, the moment of link 
ft, with respect to link c, equals 15"x8«" 45=8tress of 
pin at centre ofc. Hence the required diameter at 
this point is found by the equation 45x5,000»8,532.5 
xa:*, whence a:=4", the same as pin No. 1. 

At the next pin, if we add another link, making 2 
links sustaining 84W, at an average of 14'' from centre, 
giving a moment of 476, against one link, 22x14, + 
one diagonal 12x8 » 404, we obtain a resultant mo- 
ment of 72 ; whence, 72x5,000 «» 8,582.5x*, and x — 
4.67 inches, » required central diameter of pin, and as 
will be readily seen on trial, the greatest required at 
any point. 

Again, assuming at the 4th pin 2 links and 1 dia. 
gonal against two links, we have for the former^ 
84x17'' + 10x8 - 658, and for the latter, 44x14 « 
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616, whence the resultant moment is 42. Therefore 
the equation 42x5,000 -■ 8,532.5a:*, givesx « 3.9 inches, 
■■ required diameter in centre, while for the outside 
link on this pin, the stress, 17, multiplied bj 3 shows 

a moment of 51. Hence, x « ^.(5^4^) - 4.16 inches 

■■ required diameter at that point. 

At the 5th pin, there are 3 links, against 2 links and 
one diagonal, giving moments for the latter, 44x17+ 
8x8 =- 812, and for the fonner, 52x17 = 884; whence 

the resultant moment « 72, and a:— ^(1^1^!^) — 4.67 
inches. 

The moments at pin No. 6, are, for 3 links, 52x20, + 
(for diagonal) 6x8 « 1088, in one direction, and for 3 
links, 5 8x17 = 986, giving a resultant of 102 ; whence, 

Lastly, adding another link at the 7th pin, the 
moments are 68x20 + (for diagonal) 4x8, = 1,192, 
against 62 x20^*^ 1240, whence the resultant is 48, 

In this case the eyes, or link-ends are supposed to be 
bored in the direction of th^ pin, a little obliquely to 
the direction of the link, so as to bear through tbe 
whole thickness, as long as the pins remain perfectly 
stniight. But the pins having a degree of elasticity, 
and considerable length, must yield to the action of 
links, springing more or less in the direction of the 
greater sum of moments. It will be seen, moreover, 
that in each case, the consecutive ends entering the 
outside link, as 3 and 4, 5 and 6, &c., are always sprung 
toward one another; the inevitable result of which 
must be, a relief or relaxation of the outside link, 
whence it must sustain a less degree of strain than its 
fellows located farther from the ends of the pins. 
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Now, as a 12 foot link, under a stress of 10,0009>8. to 
the inch is extended less than j^ of a foot, a slight 

springing of connecting pins would relax the outside 
links materially, especially when the pins tend to spring 
toward one another. 

Again, if the links run parallel with the centre of 
chord, and at right angles with the connecting pins, 
as indicated by the double black lines (Fig. 43), the 
moments of forces upon — pin No. 5, for instance, will 
be — for 3 links acting toward the right hand, 44 x 
17 + (for diagonal) 8 X 8 «- 812, against 8 links acting 
toward the left, with moments equal to 62 x20 »« 1,040, 

showing a difference of 228 ; whence a:"«^(^^^^'^) ■- 

6.85 inches -» required diameter of pin at the centre. 

At pin No. 6, are 8 links with a combined moment 
of 52 X 20, + (for diagonal), 6x8, — 1076, against 8 
links with a combined moment of 58 X 17 ■• 986, show- 
ing a difference of 90; consequently, x »^(?2>|^l!^) » 

5.03 inches » required diameter of pin. 

Such would be the result as to stress and required 
diameter of pin, provided the pin remain perfectly 
dtraightl It is true that the spring of the pin in the 
direction of the greater moment, or sum of moments, 
will, in practice, produce an obliquity in its direction 
through the eyes, which will throw the centres of bear- 
ing upon the pin, nigher to the adjacent sides of the 
eyes, and thus reduce the difference of opposite mo- 
menta, and consequently, the stress upon the pin. But 
such relief to the pin must be attended with a disturb- 
ance of the central and uniform strain of the chord 
bar ; the strain being brought near one side of the bar. 
Moreover, as this can only result from actual springing 
6f the pin, there must inevitably be a degree of relaxa* 
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tion of the outside link, whenever the pins at its two 
ends are deflected toward one another. On the con* 
trary, an ontside link or bar connecting with two pioa 
springing ^rom one another, is necessarily sabjected to 
greater strain than those nigher the centres of pins, in 
the same panel. 

In this case, the forces tend to spring the pins toward 
one another at the ends, whence the outside link' must 
suiter more or less relaxation. 

It seems unnecessary to carry these examples farther. 
The above results show a decided advantage in the ob- 
lique position of links, diverging toward the centre of 
the span, so as to have the inside link opposed to the 
diagonal. 

The arrangement of links, or eye bars, here assomed, 
and the amount of stress assigned to them, are no ex- 
aggeration upon what has been put in practice. But 
the preceding calculations must be sufficient to demon- 
strate the exceptionable character of such practice. 
Two links upon a side (4 to the panel), after two or 
three panels next the end, so thin as not to occupy 
an unnecessary length of pin — each taking hold of 
the pin outside of the succeeding one toward the cen- 
tre of the truss, may be admissible. But a greater 
number, in the opinion of the author, for reasons al- 
ready given, is not to be recommended. 

Double Chord. 

CXXV. To obviate the difficulty attending the use 
of the multiplex chord, consisting of many links in a 
panel, we may make use of what may be distingnished 
as a Double Chord, 

We have seen [lvi], that in double cancelated trusses 
with vertical members, there are two independent seta 
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of diagonals and verticals, which have no interchange 
of action between one another. Now, each of these 
sets may have its own lower chord, also acting inde- 
pendently, each of the other, but uniting at the same 
point at the foot of the king brace, which is common 
to both sets of web members. 

In such case, the two chords (which we may call sub- 
chords)^ may be one above the other, and composed of 
links or eye-bars, extending horizontally across two 
panels ; the links or bars of ope sub-chord connecting 
opposite the centre of those in the other, and the up- 
rights in one set, being as much longer than those in 
the other, as the distance, vertically, between the up- 
per and lower sub-chords. 

By this means, about one-half of the extra material 
in chord connections would be saved ; and a more uni- 
form stress upon the chord bars secured, than would 
be practicable, even with 4 links acting upon one con- 
necting pin. 

Detached, and Concrete Plans of Construction. 

CXXVI. In the plan of Trapezoidal truss had under 
consideration in the last few preceding sections, the 
several members are formed in separate pieces, to be 
erected in place, and connected by screws, bolts, con- 
necting pins, &c., as the parts of wooden bridges and 
building frames are erected, after being framed and 
prepared, each for its particular place. 

There is another mode of construction, in which 
members and parts of members are permanently riveted 
together in place; or, in case of small bridges, the 
whole structure is permanently put together at the 
manufactory, and transported by water or rail to the 
place of erection and use. The former of these may 

29 
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be called the detached^ and the latter, the concrete mode 
of construction. 

The detached plan is probably the best adapted to 
wrought and cast iron bridges, and also, at least, equally 
adapted to bridges entirely, or essentially constructed 
of wrought iron, when vertical thrust uprights are em- 
ployed. 

But it can hardly be regarded as advisable to con* 
struct iron bridges with independent members, without 
thrust verticals. For, although as we have seen, [xlvi,] 
the latter plan shows a trifle less action upon the ma- 
terial than the plan wUh verticals, the oblique thrust 
members in the web, are 40 or 50 per cent longer (ac- 
cording to inclination), as well as being in greater 
number, and sustaining less average action to the piece. 

The 7 panel truss, ¥\g. 12, has 4 compression verti- 
cals, liable to an average action of 8w" ; while truss 
Fig. 13, has not less than 6 diagonals, liable to an 
average compression of 4m;" \^2 (when the incliuatioD 
is 45°), equal to 5.65m?". In the mean time, these 
members being over 40 per cent longer, and sustain- 
ing only about the same aggregate amount of action, 
can not be so economically proportioned to perform 
their required labor, when acting independently, as 
the fewer and shorter uprights. 

Still, the Trapezoid with individual members is 
practicable, probably with about the same economy of 
material without verticals as with them ; and, if it be 
deemed expedient to adopt the former, the modes of 
forming and connecting the various parts may be so 
nearly like those already described for the latter, that 
particular specifications will not be given in this place. 

The essetUial conditions to be observed, are, besides 
proportioning the parts to the kind and degree of strain 
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to which they may be exposed, to see that the forms 
of diagonals liable to compressive action, be made 
capable of withstanding such action, according to the 
table of negative resistances [xciii] ; and, that those 
liable to a change of action from tension to compres- 
sion, and the contrary, be formed and connected in such 
manner as to enable them to act in both directions. 

CXXVII. In the concrete, or rivet work plan of 
construction, the Trapezoid without verticals may, it 
is thought, be generally adopted with advantage. 
Upon this branch of the subject, however, but little of 
detail will be attempted at this time, the author having 
had very little direct practical experience in the pre- 
mises. 

The first point to be attended to, of course, as in all 
cases of bridge construction, is, to arrange the general 
outline and proportions of the truss ; that is, the num- 
ber of panels, and depth of truss suitable for the par- 
ticular case in hand. This being done, the amount 
and kind of force, whether thrust or tension, to which 
each part is liable, should be determined ; for which 
purpose, the value of u?, and of w' (the variable and 
constant panel load for the truss), must be assumed, or 
estimated according to the best data at command ; 
when the stresses of the several parts are readily ob- 
tained by process already explained ; [xliv, &c.]. 

We are then prepared to assign the requisite cross- 
section to each part, and to adopt a suitable form of 
bar, or combination of bars and plates, for each mem- 
ber. Thrust members will usually (if long), be formed 
of several parts, mostly flat plates, angle iron, T iron, 
and channel iron, united by riveting in such form of 
cross^section as may give the largest diameter practi- 
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cable without too much attenuation of the thickness 
of material, a point upon which no certain rules can be 
given. 

Flat plates, when connected by riveting at the edges, 
may be of a width of 80 to 40 times the thickness per- 
haps, without liability to " buckle" under reasonable 
compression. When riveted along the centre, a width 
of 12 to 20 times the thickness, will be in better pro- 
portion. 

Upper Chord. 

CXXVm. A good upper chord may be made in 
rectangular, or box form, of flat plates and angle iron ; 
or, for small bridges, of channel iron, with flanges 
either inward or outward, upon the two vertical sides, 
with flat plates upon upper and under sides ; the upper 
riveted, and the lower one either riveted, or put on 
with screws, tapped into the lower flanges of the 
channel bars. 

The upper plate, when flanges turn inward, may 
project half an inch, or an inch, and the lower one, 
come even with the sides. The channel bars should 
meet at the nodes, or connecting points, and a splice 
plate covering the joint may project below the chord 
far enough to form a connection with diagonals by 
riveting. (Fig. 44). 

Diagonals acting by tension only, may be plain flat 
bars of width from 8 to 10 times the thickness. Those 
acting by thrust principally, may be of T iron with 
short diagonal bars riveted to the mid rib, {e Fig. 44), 
giving a width corresponding with that of the upper 
chord, or with the space between tension diagonals, 
so that the latter may be riveted to the cross-plate of 
the T iron at the crossings, to give lateral support to 
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the thrust members. Angle iron may also be need in- 
Btead of T iron, Id these members. 




Diagonals acting by both thrust and tension, ehonld 
be formed and connected with reference to the forces 
they are liable to. 

For small bridges, small plain I bars may be ased 
for thmat diagonals with advantage. 

In all cases of tension, rivets should be ao arranged 
when practicable, aa to leave all the section available, 
except the diameter of a single rivet hole; that is, 
no section through two or more holes, including the 
one farthest from the end, sfaoald have lees area than 
a square section through one hole, [cxvn, Fig. 81.] 

In Fig. 44, a, a, &a., represent tension diagonals, of 
plain flat bars, with cross-section proportioned to the 
stress in each case ; &,A— thrust diagonals of T iron 
and short diagonal plates, aa seen at e; c,c, the upper, 
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and d^ tbe lower chord ; the dotted line j, shows the 
meeting of lower chord plates, aboat4 inches toward 
the abutment from the point of meeting of the several 
centres of chord and diagonals. The side plates of up- 
per chord may meet at the centre of tbe node, or con- 
necting point. 

The upper splice plates are of irregular form (or, they 
may be cut on a regular slant from upper to lower 
angle), but such as to cut without waste of iron. They 
may be clipped out upon the under side, as by (he 
curved line, or not, as may be preferred. 

The lower splice plates may be rectangular, and of 
such length and width as to admit of a sufficient num. 
ber of rivets, properly arranged, to be equal in strength 
to tbe net section of chord plate and diagonals. 

It is scarcely necessary to repeat, that rivet section 
connecting two thicknesses of plate only, should exceed 
the net section of plate by as much as the direct tensile 
strength exceeds the shear-strength of iron. 

Lower Chord. 

CXXIX. The following plan of a flat plate bottom 
chord adapted to a connection of diagonals by connect- 
ing pins, is transcribed from the author's former work; 
and, by widening the splice plates, as in Fig. 44, is 
equally adapted to the concrete mode of construction ; 
L €., by rivet work. 

The plan contemplates each half-chord as composed 
of two courses of plates (except near the ends), spliced 
alternately, one at each node so as to ^^ break joints." 
The two half chords are to be placed at such distance 
apart as to accommodate the connections with dia- 
gonals, and with uprights, when used in connection 
with uprights. 
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For a 16 panel truss, as arranged in Figures 18 and 
19. Suppose w »»• 12wi(m representing l,0001bs.) ; m?' =» 
4?n, and W ^ 16/n, ^w +w' \ — diagonals (except the 
steep ones), inclining 46*. 

The end brace, then, sustaining 7JW « 120w, [lvi], 
produces tension equal to 60m, upon the first and 
second Bection of chord, in Fig. 18, the proportions for 
which will be here considered. Allowing then, 10m 
to the square inch, each half chord requires a plate of 
about 8" by^'^g", up to the second node from the end. 

This plate may extend — say within 8" of the centre 
of the connecting pin at the 23 node, where it may be 
connected with a |" plate, by two splice-plates about 
21" long (see A. Fig. 45), with a net section equal to 
the y'^g" plate, or, say \" thick. Fig. 45, exhibits a 
disposition of rivet and pin holes, at A, so arranged as 
to preserve the full section of plates, less the diameter 
of a single V rivet hole. 

Or, the splice-plates maybe 7" shorter, and } thicker, 
and the two rivets next the joint {j\ on either side, 
opposite one another, as at BB, Fig. 45 ; thus giving 
the same section (of splice-plates), through two opposite 
rivets in the thicker, as through one rivet in thinner 
and longer splice plates. In this case, the joint should 
be 4J" from centre of connecting pin (p), and a little 
more, when the rivets exceed 1" in diameter. 

At the third node, an increase of section is required, 
and a i" plate may be added on the inside, lapping 9 
or 10 inches back of the pin, with a \" splice plate of 
the B pattern to balance the extra inch in width re- 
quired for opposite rivet holes, and a 2" pin hole. 

The inside plate continuin/^ past the next, or 4th 
node, the f '' outside plate may be met by, and spliced 
to a \" plate, in either of the modes indicated by A and 
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B, Fi^. 45. On plan B, the outside splice plate should 
be at least ^'' thick, and the inside one, ^^^". In this, 
as in other cases where a thinner plate meets a thicker 
one, the former is to be furred out to the thickness of 
the latter. 

At the 5th node, the outside plate may continue, 
while the inside one is succeeded by a f plate, with a 
f splice-plate inside, and one of y'^^' thickness upoD 
the outside ; splice-plates in all cases being intended 
to be upon the outside, and not between the two courses 
of plates forming the half chord. 

The same general process being continued, each 
course being spliced at alternate nodes, and breaking 
joints with one another, we introduce in the outside 
course, a 1" plate from the 6th node to the centre 
of the chord, and a f" plate from the 7th node, past 
the centre to the 9th node, and so on, with a reversed 
order of succession to the other end of the chord. 

The two 1" plates in the outside course, should meet 
at the centre connecting pin, and all other joints should 
be a few inches from the pin, on the side toward the 
end of the chord, as in diagram. Fig. 45. 

Fig. 45. 

o o i o o^6 O i o o 

Each pair of splice plates should have a minimum 
net section, together with the net section of the con- 
tinued plate, at least ^qual to the sections of the con- 
tinued, and the thinner spliced plate, through one of 
the smaller rivets used in the splice ; and the relative 
thickness of the two splice plates should, as nearly 
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as practicable, be inversely as the respective distances 
of their centres from the centre of the spliced plate. 

For illustration ; at the 6th node, the continuous 
plate is f ", and the thinner spliced plate J", making in 
the two, a thickness of IJ", by V for the net width ; 
giving a section of lOJ square inches. This splice re- 
quiring IJ" rivets next the joint, to give the necessary 
rivet section, the net width of splice plates and con- 
tinuous plate through two opposite \\" rivets, is only 
by. Consequently, the aggregate thickness required 
to give lOJ square inches, is about 1.91" ; and, deduct- 
ing 0.625" for the continuous plate, we have 1.286" 
for thickness of the two splice-plates. 

Then, representing thickness of spliced plate by a 
(disregarding the furring plate, or including it in the 
quantity a), that of the continuous plate by 6, that of 
the two splice-plates by c, and that of the thicker one 
by x; we form the following equation, as will be ob- 
vious on reference to Fig. 46, which is an edge view 
of splice at node 6. 

xx\ {a+x) =» {c — x) X (6+J {a+c — x) ; whence, the. 
formula x=»c x(a+26+c)-j- 2 (a+b+c). 

This formula applied to the case represented in Fig. 
46, gives X « 0.7804", and e—x = 0.6046''. 

Fig. 46. 







c-a: 



The letter a in the diagram shows the splicing of a 
1" with a I" plate, the thickness being equalized by a 
furring plate. 

Figure 46 gives also, a general idea of the splices pro- 
posed for this kind of chord, in case of the adoption of 

80 
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the short splice plates and oppomte rivets, as seen at 
BB, Fig. 45. p indicates the connecting pin (which, in 
the concrete plan of construction should be replaced 
by two opposite rivets, as seen in Fig. 44), having a 
cross-section in the parts passing through the chord 
plates, about equal to that of one of the two main diap 
gouals connecting with each pin respectively, at the 
several nodes. 

The body of the pin between chord plates, should 
have lateral stiiihess enough to withstand the stress 
produced by diagonals horizontally, estimated upon 
the principles of the lever, which will be greater as the 
distance of diagonals from chord plates is greater, and 
the contrary. If the bearing of the upright upon the 
pin be between the diagonals and the chord plates, as 
by a bi-furcation like that at the upper chord (see a 
Fig. 88) the body of the pin will usually require a 
section about equal to that of the two main diagonals 
connected with it. But this is no certain rule. 

The ends of the connecting pin should extend through 
the chord plates so as to receive a thin nut upon each 
end, and also the eyes of sway rods upon the inside 
end, in case that mode of connection be adopted for 
those parts. 

In the case of trusses without verticals constructed 
in rivet work, the best balanced action will be secured 
by connecting diagonals between the splice plates, by 
means 'of rivets through both, thus bringing each dia- 
gonal bar directly over each half chord, and ))roducing 
uniform stress, as nearly as is practicable. When dia- 
gonal bars do not fill the space between splice-plates, 
the deficiency may be made up by furring plates, or 
thimble rings. 
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Tension diagonals will usually require from' 25 to 33 
per cent of extra section to make up the loss in rivet 
holes. In thrust diagonals, no allowance need gene- 
rally be made for rivet holes, as rivets properly distri- 
buted, will not impair the efficiency of the member in 
withstanding compression. 

With regard to the relative merits of this kind of 
lower chord, it requires, in the proportions above as- 
sumed, namely, 8'' width of plates and 1" diameter of 
the smaller rivets, about 14 per cent of extra section 
on account of rivet holes, through the whole length. 
For splice plates and rivets, at least an equal amount 
should be allowed, making 28 per cent for waste ma- 
terial, over and above the net available length and 
cross-section. The corresponding waste in the link 
chord, and in the eye-plate chord [cxiv], can scarcely 
exceed 10 per cept, when the connections are made 
with wrought iron pins. 

Hence, the advantage as to economy of material, 
seems decidedly in favor of the latter plans ; and the 
cost of manufacture can hardly be estimated in favor 
of the former. If the riveted chord, then, have any 
claim to favor and preference, it is mostly owing to 
the fact, that being manufactured cold, it escapes the 
deteriorating effects frequently resulting to iron in the 
process of forging and welding, and the risk of flaws, 
and imperfect cohesion of the welded surfaces. 

How far this consideration should be regarded as an 
offset, or an overbalance to 15 or 20 per cent, of ma- 
terial lost in rivet holes and splices, further experience 
and observation alone can probably determine. 



236 . Bbidob BuiLDiKa. 

Swat BRACiiirG. 

CXXX. The primary and essential purpose of a 
bridge is, to withstand vertical forces which are certain, 
and, to a large extent, determinate in amount We 
can estimate nearly the weight of a train of rail road 
cars, a drove of cattle, or a crowd of people ; and the 
amount of material required to sustain them. 

But the lateral, or transverse forces to which a 
bridge superstructure is liable, are of a casual nature, 
depending upon conditions of which we have only a 
vague and general knowledge ; and, can not predeter- 
mine their effects with any considerable degree of 
certainty. 

We know full well from experience, that it is always 
expedient to provide every bridge superstructure with 
means of support against transverse.horizontal forces; 
and we introduce certain parts and members for that 
express purpose. These have been frequently alluded 
to heretofore in this work, under the designation of 
awayrodSy lateral tieSj or lateral braces. But no attempt 
has ever been made, to the author's knowledge, to 
point out the proper sizes and proportions of such 
members, upon any determinate principles or data. 

In this respect, reliance has moetly been placed upon 
"judgment," and general observation as to precedent 
and common practice ; as was the case in fact, with 
regard to bridge construction generally, until within 
the last twenty-five or thirty years. Within this 
period, and since the extensive use of iron in bridge 
construction has been introduced, more attention has 
been given to scientific principles, in adjusting the pro- 
portions of the several parts and members designed to 
withstand the effects of vertical pressure. 
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The modern bridge builder, if he has been properly 
educated for his business, having arranged the outline 
of his truss,- makes his computations, and marks upon 
each line of his diagram, so many thousand pounds of 
tension upon this, so many tons of compression upon 
that, and so much shear strain, or lateral strain upon- 
each rivet, connecting pin, or beam, and assigns to 
^ach place a member containing such an amount, and 
such a kind of material, as experience has proved to 
be sufficient to sustain the given stress with safety. 

Thus far, his course is scientific and sensible. But in 
arranging his system for securing lateral stability and 
steadiness, science can lend him but little assistance. 

He knows the wind will blow against the side of his 
structure ; but whether with a maximum force of one 
hundred pounds, or as many thousands, he has no 
means of knowing with any considerable degree of 
certainty, or probabiliiy. 

He knows, furthermore, that every deviation from a 
straight line by a body passing over and upon a bridge, 
even to changing the weight of a pedestrian from one 
foot to the other (unless his steps be directly in front 
of one another, and this could hardly form an excep- 
tion), is attended by more or less tendency to lateral 
swaying of the structure. 

Every inequality in the line of a rail road track, 
laterally or vertically, unless both rails have precisely 
the same vertical deviation, produces a transverse mo- 
tion in the centre of gravity of the load, and conse- 
quently a lateral sway in the structure. The passage 
of a carriage wheel over a stick or a pebble, raising 
one wheel above the opposite one, changes the centre 
of gravity of the load to the right or left, and impels 
the structure in the opposite direction. 
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These are some of the external causes generating 
transverse action, and motion of the structure. Bat 
in addition to these, the upper chord itself, acting by 
thrust, is, at best, in unstable equilibrio, and liable at 
all times to exert more or less transverse action, and, 
if not kept in line by an efficient system of transverse 
bracing or tying, will lose its equilibrium, and be de- 
prived of the power of performing its appropriate 
functions in the structure. 

Now, these disturbing lateral forces are quite small, 
compared with the vertical action upon the trusses ; 
and, the vertical strength of the truss does not neces- 
sarily imply any power of resistance transversely ; the 
tendency of the lower chord to preserve a straight line, 
being essentially balanced by that of upper chord or 
arch to buckle laterally ;* provided the chords be so 
dependent upon one another that both must sway to 
the right or left at the same time. 

Hence, it is always expedient to provide some es- 
pecial means for counteracting these lateral forces, 
which is usually done by the introduction of a system 
of horizontal diagonal ties or braces (small iron rods 
in iron, and the same, or timber braces, in woodjsn 
bridges), below the track or platform, in the horizon- 
tal panels formed by consecutive beams, and the chords 
of opposite trusses. Also, when trusses are sufficiently 
high, diagonals and cross-struts are introduced between 
upper chords, to prevent lateral buckling. 

No attempt will here be made to assign specific 
stresses as liable to occur in sway rods or braces, 
based upon calculations from the uncertain and in- 
determiuateelementsupon which the lateral action npon 

* The only trass known to the anthor, not liahle to this lateral buck- 
ling, is the Whipple Independent arch truss, shown in Fig. 27. 
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bridges depends. Bat, judging from experience and 
observation^ it may be recommended that iron sway- 
rods be made of iron not less than | inch in diameter, 
for bridges of five panels or under, f inch from six to 
ten panels, inclusive. For twelve and fourteen panels, 
I inch for ten middle panels, and | inch for the rest ; 
and, for sixteen the same as last above, with the ad- 
dition of a pair of 1 inch rods in the end panels. 

These are the least dimensions recommended (in all 
cases exclusive of screw thread), for ordinary bridges 
with panels not much exceeding 10 feet For panels 
approaching or exceeding 12 feet, J inch may properly 
be added to the above specified diameters generally. 

If upper sway rods connect in the middle of cross- 
struts, with a longitudinal reach across two panels, [see 
cxx, and Figs. 38 and 89], they may safely be made 
smaller than when they cross one panel only. 

The action of wind is nearly a uniform pressure from 
end to end of the structure, and causes much the same 
progressive increase of stress upon sway-rods, as the 
weight of structure and uniform load produces upon 
diagonals in the trusses — a fact which was recognized 
in assigning larger sway-rods at and near the ends of 
long bridges. But the casual impulses resulting from 
unevenuess in track or platform, giving slight lateral 
movement to passing loads, and acting at single points 
here and there, this way and that, do not produce an 
accumulation of effect toward the ends. Hence, as it 
regards withstanding the latter forces, no variation in 
sizes of sway-rods is required. 

CXXXI. Sway-rods acting by tension would ob- 
viously draw the opposite chords toward one another, 
but for the resistance of transverse beams or stmts, 
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while they also exert a loDgitudinal action upon the 
chords, thereby iucreasing or diminishing the stress 
upon chords, due to the action of structure and load. 
Chords, however, are usually proportioned without 
provision for increase of stre^ liable to accrue from 
action of sway-rods; and, from the small sizes of the 
latter, as compared with the former, and the obliquity 
of their action, seldom expending more than half their 
direct stress upon the chords longitudinally, this small 
action may be neglected, as forming one of the con- 
tingencies for which a large surplus of material is al- 
ways provided in chords, over what is actually required 
to withstand the effects of any probable vertical action. 

Certain modes of inserting and connecting sway-rods 
have been previously alluded to, sometimes with the 
beams by means of eyes and bolts [cviii, Figs. 31 
and 33], and sometimes more directly with the chords 
[oxix, Fig. 35, (/, and Fig. 39, rf.] 

The best connection is that which gives the nearest 
approximation to central and uniform action upon all 
parts of the chord, and also of the beam or strut. The 
plan described in section cxx, and seen in Fig. 37, when 
admissible, affords a good connection for bottom sway 
rods. 

Undoubtedly there may be better devices for the 
purpose under consideration, as well as for other de- 
tails, than any that have occurred to the author. But 
such as are herein described have mostly been put in 
successful practice, and are thought not to be seriously 
iiBkulty. 
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COMPARISON OF DIFFERENT PLANS OF 
IRON TRUSS BRIDGES. 

CXXXn. It is the purpose of this chapter to can- 
vass the relative merits of most of the several systems 
of Ibon Bridge Trussing, which have claimed and re- 
ceived more or less of public notice and approval during 
the last few years ; and of which the distinctive princi- 
ples have already been discussed in preceding pages ; 
though not in the precise combinations here about to 
be presented. 

We may take the number, lengths and stresses (the 
latter governing principally the required cross-sections), 
of the several long pieces or members of the truss, in 
the manner employed in the fore part of this work, as 
affording a near criterion of the comparative cost and 
economy of the bridges respectively. Then, after re- 
ference to such peculiarities as may seem advantageous 
or otherwise, leave the reader to his own conclusions 
in regard to the relative merits. 

Teb Bollhan Truss, Fia. 47, 

Is founded upon the general principle discussed in 
sections xxii and xxiii, with oblique tension rods, and 
a thrust upper chord, in place of the thrust braces and 
tension lower chord as represented in Fig. 9. 

Let Fig. 47, represent a truss 16' high, and 100' long ; 
or, in the proportion of 1 to 6J. Also, let w represent 
the maximum variable load for each of the points e, dj 
ty etc., and w' (say,— Jw), the permanent weight of 
one panel of superstructure, supposed to be constantly 
bearing at each of said points. Then making W « 
w X w', we have JW »■ weight sustained by ac. 

31 
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Now, we have seen [vii], that the stress upon an 
oblique in such case, equals the weight sustained, mul- 
tiplied by the length, and divided by the vertical reach 
of the oblique ; and, assuming that the member requires 
a cross-section proportional to the stress, it follows that 
(making ab »■ 1), the amount of material required in atf, 
will be as the weight it sustains, multiplied by the 
square of its length. Hence, the material required in 
ac^ must be as I W X ac\ Then, diminishing be until 
ae coincides with a6, W x ab* becomes "W, which is 
still proportional to the material required in ac (which 
has now become « a6, « 1), and, being replaced by M, 
representing the actual material required to sustain the 
weight W, with a length equal to ab (our unit of length), 
in a vertical position, we have only to substitute M x 
ac* for W X ac*, to know the actual material necessary 
to sustain the weight W (at a given stress per square 
inch of cross-section), with any length and position, 
retaining the same vertical reach, equal to unity. 

It must be obvious, therefore, that M, with the co- 
efficient used before W, to express the weights respect- 
ively sustained by the several oblique rods in truss 47, 
will, when multiplied by the squ&res of the respective 
lengths of those obliques, show the amount,of material 
required in their construction, under the conditions 
above expressed. 

Let m ■= jM, and A ™ ftc. Then, we manifestly have, 
for material in the 14 obliques of the truss in question 
7m {h*+l)+ 6m (4A*+1) + 5ra (9A»+1) + 4m (16/**+ 1) + 
8m (25A*+1) + 2m (36A*+1) + Im (49A*+1) « (386A*+ 
28)m, for those meeting at a, and a like amount for those 
meeting at?; making a total of (672A*+66)m. But 
A* a 0.694, which substituted in the last expression, 
gives 522.868m, » 65.296M. 
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Fia. 47. 

BoLLMAN Truss. 
r q p n 



m 



I 




The thrast of the chord oZ, eqaals the liorizonta. 
action of the 7 obliques connected with cither end. 
Making then x » ^W, and A » 6c, » ^bkj it is obvious 
that each oblique carries weight equal to x x the number 
of panels not crossed by it, while its horizontal reach 
equals A x the number of panels it does cross. Hence, 
the horizontal action of each oblique, equals hx x the pro- 
duct of the numbers of panels at the right and loft 
respectively, of the lower end of the oblique. 

The compressive force acting from end to end, upon 
aly then, must be equal to Ax (7, + 2x6, + 3x5, + 4*+ 
6x3, + 6x2, + 7), - 84Ax, - lOJWxO.833, - 8.75W. 

Multiplying stress by length, and substituting M, we 
have 8.75 X 6.66M a 58|M » material required in a/, at a 
given stress per square inch of cross-section ; M being the 
amount required for a unit of length (a6), to sustain 
the unit of weight ( W), at the same rate of stress. 

Add 7M for two end posts, with length equal to 1 
and bearing weight equal to 7W, and we obtain 65^M 
as a total for thrust material in long pieces, not include 
ing 7 intermediate uprights, not properly to be class- 
fied with other parts, as their action is merely incidental, 
except that of supporting the weight of upper chord. 

The parts above considered, mainly determine the 
character of the truss as to economy of material. 
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Other partSy such as short bolts, uuts, connecting pins, 
&c., although just as essential, are comparatiyely, of 
small amount and cost, except the intermediate up- 
rights, which will be referred to hereafter. 

Ifthe truss be used in a deck bridge, and the end 
posts be replaced with masonry, the intermediates 
will sustain the same weight as the ends sustain in a 
through bridge, thus giving the same representative of 
material as above found. 

Thb Finck Truss, Fig. 48, 

CXXXTTL Possesses several of the characteristics 
which distinguish the Bollman plan. Both dispense 
with the bottom chord, which is common to most, if 
not all other plans of truss, for both iron and wooden 
bridges. Both also employ a pair of tension obliques 
acting in horizontal antagonism to each other, at each 
of the supporting points c, .d^ e, &c. But while in the 
one, the members of each pair of obliques are of equal 
length and tension, in the other, the pairs consist of 
unequal members (except at the centre), as the dia- 
grams will sufficiently illustrate. 

It will readily be seen that Fig. 48 exhibits three 
classes of obliques, consisting respectively of 2, 4, and 8 
members to the class. Supposing a truss of the same di- 
mensions and proportions, and subjected to the same 
load, as in case of Fig. 47, and using the same notation, 
as far aa applicable; it is manifest that each of the 8 
short obliques, sustains ^W. The 4 next longer sus- 
tain upon each, a weight equal to W - one half directly, 
and the other, through the short obliques and uprights. 
The two long obliques sustain 2W each, being the half 
of IW, received directly at/, and 1 and 2 respectively 
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throagh the upright, from members of the other classes, 
meeting at the poiDt;>. 
The material required for all the obliques, then, (ab 

being « 1, and be - A), is 8 X J (A* + 1) + 4 x 1 (4A^ + 

1) + 2 X 2 (16A* + 1)M, being the number of pieces in 
each class multiplied by co-efficients of W in weighty 
sustained, and by squares of length respectively, and 
the sum of products multiplied by M. 

Subsituting in the above expression the value of A^ 
(0.694), and, reducing and adding terms, we derive 
material in obliques a 70.296 M. 



Fio. 48. 
FiNCK Truss. 
q p 



n 



m 



I 




The compression upon the chord a I, is equal to the 
horizontal action of one member of each class of ob- 
liques, communicated at each end ; that is, equal to 
(J A + 2A + 8A)W, - lOJ A W ; and, multiplying by 
length ( » 6.66), and substituting 0.883 for A, and M 
for W, we have (10.5 X .883 x 6.66)m « 68. J M, to re- 
present the material required in al; — the same as iu 
case of Fig. 47. 

The uprights of the Finck truss obviously sustain 
12W, namely, 8| at each end, 8 in the middle, and 1 
at each of the quarterings, r and n. But, in comparing 
this with the BoUman truss, it seems fair to offset 6 up- 
rights, not including the end and centre ones, in the 
Finck, against 7 in the Bollman truss not estimated ; 
bus leaving lOM for uprights in the former, making 
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a total of 68|M, for compression material, excepting 
the 6 intermediate uprights, excluded as above. 

Both of the above considered trusses exhibit a beau- 
tiful simplicity, and facility of comprehension in prin- 
ciple, and they will be left for the present, for a 
discussion of the 

Post Truss. 

CXXXI V. This, like the two preceding plans, is 
designated by the name of its distinguished designer 
and publisher, S. S. Post, Esqr., of Jersey City. 

Fig, 49 gives a general view of the only specimen 
of this truss which the author has had an opportunity 
of examining. It is a sort of compromise between the 
trusses represented by Figs. 18 and 19, of which the 
object sought appears to have been, to obtain a nearer 
approximation to the most economical angle of incli- 
nation for both thrust and tension members (between 
chord and chord), by inclining the latter at an angle 
of 45^, and the former at a less angle with the vertical. 
These are both favorable conditions, considered alone 
and by themselves, as we have already seen [lxv and 
Lxvi] ; and it is proposed to compare the economy of 
this particular arrangement, with that of a truss having 
vertical posts, with oblique tension diagonals ; as well 
as with other plans, preceding and succeeding. 

Assuming the same length and depth of truss, and 
the same load, both constant and variable, as in the 
preceding cases, acting at the points x, i?, u, &c., let w 
represent the greatest variable load for the length of 
one panel, and w' the weight of superstructure bearing 
upon one truss, for the same length, supposed to be 
concentrated at the nodes of the lower chord, and as- 
sumed to be equal to ^w. Also, let 1 equal the verti 
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cal depth of trass (between centres of chords), and let 
tension diagonals incline 45^, and posts lean 1 horizon- 
tally to 3 vertically ; the space between posts being 
two-thirds of the depth of truss. 

Fig. 49. 

Mr. Posfs Truss 
d e f 9 h 




yx V U t s r q jp nm 



Then, omitting counter ties up to (/", from the left, 
as neutralized by weight of structure ; we see that the 
weight at z, being only | as great as at the other nodes, 
on account of the short space xj/y Bw -^ 80 (or 8m?", 
substituting for the occasion, n/' for w -*- 80), represents 
the proportionate part of that weight, tending to berr 
upon the abutment at m; and this, with 12m7" for 
weight at r, and 20i^" for weight at u, + '2tiw" lor 
weight at tj makes 6Sw'' accumulated upon (/*, when 
Xy V, u and t alone are loaded. 

Now, the action upon this truss is less certain and 
determinate than where the thrust pieces are vertical, 
or inclined equally with the tension pieces. But sup- 
posing that the weight of superstructure at «, or at a 
and r together, neutralizes, or reflects back a part 
equal to u?', or J80m?", ■■ 27w" nearly, of this 6Sw'\ we 
have a balance of 86^u?'% asthe maximum weight for if. 

Then, whether this 63w/'* which must go to. the 

*Thi8 full amount QSw'^ is need here; for, althoufrh it is assumed 
that only a part of it is transmitted through tf, the balance is restored 
from weight of structure which otherwise would pass to the abutment 
aty. 
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abutment at m, in virtue of the loads at x^ r, u and ij 
is transferred through/? to 5y, or through /r to rA; or 
whether it is divided equally or unequally between the 
two, is not quite obvious. But assuming^ aa what 
might seem probable, that it is transferred in equal 
portions to 5^ and rA, in that case, sg sustains as a maxi- 
mum, 36i(?" for weight at 5, + half of 63m?", making — 
say 67u?" ; supposing that 5^ and re sustain none of the 
weight of structure; which, though probably not 
strictly true, will not materially affect the result. 
Again, (we are now considering the nodes at the 

lower chord as being loaded successively from left to 
right), the weight at r gives 44ir'' to rA, in addition to, 
say 32w?" tending to be transmitted from ij^ and m;', or 
27/(?" for structure, making 103m?". ^ 

For maximum weight on iy, there is due to movable 
weight at j, 52m7", + 67m?" from sg^ +27m7" on account 
of weight of structure, making 146m?"; while pA sus- 
tains (60+103+ 27)?(?", = 190m?", aud ol sustains (68+ 
146+27)m?" = 241". The maximum weight upon n/, is 
made up of that of pA: + | (m?+m?') at w, =» 270m?". 

Having thus determined the maximum weights 
which these diagonals are respectively required to sus- 
tain, disregarding some small matters of uncertainty, 
of little practical importance, we find the sum of these 
maxima, for the 6 pieces parallel with ut on the right, 
to be 783m?", = 9.7875m?. Then, multiplying by 2 (the 
square of the common length, ay being = 1), and sub- 
stituting m' for M? ( as M was substituted for W in the 
preceding cases), we derive 19.675m' = material re- 
quired for the 6 pieces in question. Add to the last 
amount 3.7m' for the steep diagonal nf (being the square 
of length by weight sustained, and w changed to m'); 
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and we have the whole material for tension obliques 
in the half truss ; which doubled, exhibits for that class 
of members in the whole truss, 46.55m'; omitting 6 
counter ties, not required to sustain structure or load, 
and the value of which will be considered (in general) 
hereafter under the head of counter bracing. 

The short section mn of the lower chord, has no de- 
terminate action. The section no has a tension equal 
to i of the weight acting on nl and A/i, under a full 
load of the truss, equal to J the weights upon r, p and 
71, for nl, and J of those at r and p for kn ; the whole 
equal to J X2| {w+w')+i x2 (w+w% = 2.Uw. 

To this, the diagonal ol adds ato, 2 {lo+w^ and io 
adds i {tJO+io'), making 5.22u7 ""tension of op; while 
a like addition at p, for the action of pA and Ap, shows 
8.SSw for pq. Again, (^i adds at q, w+w\ equal to 
1.83m?, while rh contributes a like amount at r ; mak- 
ing for qr and rs resjiectively, a tension of 9.66w, and 
11/(7, restoring neglected fractious. 

It is probable that a small decussation of forces 
through re and sg^ under a full load of the truss, would 
modify these stresses slightly, but not so as to produce 
a material difference in the final results of the present 
discussion. 

Summing qp the stresses thus determined for differ- 
ent portion of the lower chord, counting like strains 
upon corresponding sections, and deducing the re- 
quired material (as above done with regard to dia- 
gonals), remembering that the length of sections equals 
J of unity, we obtain 41.1m' = material required in 
lower chord. This added to 46.55m', the amount above 
determined for obliques, gives tension material for the 
whole truss, equals to 87.65m'. 
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"How J it is manifest that the quantity here represented 
by m', has the same ratio to that denoted by M in the 
estimates of material for trusses Fig. 47 and Fig. 48, as 
the weight w in the former case has to the weight W 
in the latter. But W was used to express | of the 
gross load of the truss, while w represents only j\ of 
the variabUy assumed to be equal to | of the gross load. 
Therefore t/? : W : : f Xj*^ : J ; whence, to — 0-6W; 
and m' n .6M. This equivalent substituted in the ex- 
pression 87.65m', gives 52.59M » tension material for 
the post truss. 

The maximum weights sustained by the thrust 
braces, equal respectively those borne by the tension 
rods communicating such weights, and for the 5 pieces 
on either side of the centre, the amount is equal to w" 
X (36+67 + 103 + 146+ 190) - 6.77u;, which doubled, 
gives 13.542£7 for the whole of that class of members. 
This aggregate weight, multiplied by the square of the 
common length of pieces (1.11), with u> changed to m' 
produces 1 6.02m', — 9.01M. 

The end section (kt) of the upper chord, sustains 
compression equal to the weight upon ol and } of that 
upon nly under a full load of the truss, » 2 (to+u/), 
+Jx2| {w+w'), = 8.88m?. Add 2 {w+v/) for weight 
on pkj and i of that amount for that on hiy and it 
makes a compression of 7.442^ upon kL 

Again, adding w+w^ ( » l.SSw) for action of qi^ and 
} of the same for that of ib, makes 9.22u; for compres- 
sion of i'A, while a like addition for action of rAand Ap, 
makes 10.99m? « compression of hg and gf. We may 
call the last stress llw, as some fractions have been 
neglected. 

The above amounts of stress upon the several sec- 
tions of the half chord, added together and doubled to 
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represent the whole chord, and multiplied by the length 
of section (§), produce 56.72m7,«- 84.03W ; whence, 
material for top chord « 84M ; very nearly. 

The two end posts obviously sustain the gross load 
of the truss (deducting what comes upon one half of 
the short spaces mn and xy)j which equals 9j^ {w + 
v/)^ a 12.66U7 ; and, the length being 1, the material 
equals 12.66m' » 7.6 M. 

Summing up the amounts thus determined, of mate- 
rial for the several classes of thrust pieces, we have : 

For Braces, or inclined posts, 9.01M. 

" Upper Chord, 34.00M. 

« End Posts, 7.60M. 

Total, for Thrust, 60.61M. 

" " Tension, 52.68M. 

Whipple's Trapezoidal Truss. 

CXXXV. The distinctive characteristics of this plan 
are, an Upper Chord made shorter than the Lower, 
by the width of one panel at each end, giving to the 
truss a Trapezoidal form — dispensing with non- 
essential members, and proportioning the several parts 
in strict accordance with the maximum stresses to 
which they are respectively liable ; principles and de- 
vices first promulgated in the original edition of this 

» 

work, and applied by its author in the construction of 
trusses with parallel chords, with X>r without vertical 
members. 

Truss Fig. 50 has vertical posts and tension dia- 
gonals; and, using w and w' to denote the same quan- 
tities as in the last preceding case, and pursuing the 
method explained with reference to Fig. 18, [lvi], we 
have the maximum load for 8/5 equal to 4u?" — Jm;' 
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(making w" » w divided by the number of panels =» 
O.Im?), « A\D — \w^ since w' » \w. For 4/6, we have 
•62£?, without increase or diminution on account of 
structure ; while, for the 3 next diagonals on the right, 
we have succe88ively,.9M? + \w\ 1.2ii? + w/ and 1.6m? + 
\\w'^ making altogether 8.7u7 + 8m/, « 4.7w? ; showing 
for the 5 pieces, 5.58u7. This being doubled and mul- 
tiplied by square of length (2.775), and w changed to 
h', gives material for 10 long diagonals « 80.69m^ 

Fig. 50: 

12345 6789 

1 2 4 6 9 * 12 16 20 25 




The two steep diagonals togther, sustain 4 («? + 
u?'), -a 5Jm?, which, multiplied by square of length 
(1.44), produces material = 7.68m' ; while the two ten- 
sion uprights manifestly require 2|m'. We have con- 
sequently, material for the system of tension obliques 
and verticals « 41.03m'. 

The end brace obviously sustains \\ (w? + u;'), and 
exerts a horizontal stress » ^w (two-thirds of the weight 
borne), upon the two first sections of the lower chord. 
The steep tension oblique adds f of weight borne, mak- 
ing 5.76m> for the next section, while the two succeed- 
ing diagonals toward the centre, adding \\ times the 
weights borne successively (under a full load of the 
truss, of course), give 8.42m7 and 10.19ir, for tension of 
second and firat sections from centre, respectively. 
Then, adding, doubling, and multiplying by length of 
section, we obtain, material for lower chord « 43.16m', 
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Add to this the amount for diagonal system as above 
found, and we have the whole amount of tension ma« 
terial for the truss « 84.18m' « 50.5M. 

The maximum weights sustained by obliques, and 
by them transferred to 7 thrust verticals, being in the 
aggregate a* 6.6221?, the length of members being unity, 
need only the substitution of m', to express the re- 
quired material for said verticals ; which, reduced to 
terms of M, equals 8.97M. 

The first and second sections of the upper chord, ob- 
viously sustain the same action respectively, as the 
fourth and fifth of the lower chord while the 4 middle 
sections of the former, receive the additional action of 
diagonals 3\5/7 (upper figures), under full load. 
Hence we cipher up, material for upper chord =■ 32.6M. 

The end braces, sustaining 9 {w+w') =■ 12w?, with a 
length whose square is 1.44, obviously require material 
«(12x1.44)m'=.10.37M. 

The truss, then, requires thrust material, for upper 
chord, 32.6M, for end braces, 10.87M, and for up- 
rights, 8.97M ; making a total for the truss, of 46.09M. 

Tension material as above, total 50.50M. 

Truss without Verticals. 

CXXXVI. Assuming a truss (Fig. 61), of same 
length, depth, and number of panels, and same load, 
variable and constant, as in the two cases last consi- 
dered, with diagonals crossing one panel only, we have 
nearly the Isometric Truss,"*" adopted by Messrs. Steele 

and McDonald. 

Arranging the numbers over the diagram, as in Fig. 
61, and using the process explained [xlvii, Fig. 19]j it 

* In the Iflometric, tlie diagonals incline at 30^, whUe in Fig. 51 the/ 
incline nearly 84°. 
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will be seen that either end brace, and the obliqncs 
parallel therewith, are liable to maximam weights as 
follows, proceding from end to end. 



Fio. 51. 



7 8 9 
16 20 25 

4 2 1 



-Tmm. 



Compreuion. TeMoon. 

End Brace 4L.b{y)+v)')^M0(ivo.^ 

ObliqueNo. 1 2.100" 

2 1.688'* 

8 1.066" 

4 

5 

6 

7 

8 



ii 
U 



a 
ii 



1.600 " 
.233 " 



.233 U7 
.600 *« 
1.066" 
1.588 « 
2.100 " 
2.666 " 



Totals 



llMZw 8.200U'. 



Then, doubling for the two sets, multiplying by 
square of length (1.44), and changing w to m', we have, 
to represent material.... for compression 83.215m, ten- 
sion 23.616h\ 

The end brace, sustaining 4.5 [w + ti?'), *= 6w7, exerts 
a tension of 4ti? upon the end section of the lower 
chord. The next brace sustains 1 J {xo + tr') « 2u>, 
making a tension of 5.S33t^ for the second section. 
The tension and thrust diagonals meeting the chord 



f The small thrust action which the movable load tends to throw 
npon 6, 7 and 8, and the small tension upon 1 and 2, are nentraUzodbf 
weight of stractoie. 
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at the next node, sustain together (under a full load of 
the truss), S {w + n/ ^ 4m?, adding } of which, gives 
8w — tension of the 8d section, while 2 Ji/? borne by 
the obliques meeting at the next node, makes a tension 
upon the 4th section equal to 9.777i^ ; and l^w at the 
next node (the tension diagonal only, being in action, 
under a full load), gives for tension of the 5th section, 
10.666m?. 

Adding the stresses of the several sections of the half- 
chord, doubling, multiplying by the common length 
(f), and changing w to m' shoves material for lower 
chord s 50.37M;. 

The end section of the upper chord sustains thrust 
equal to J x (weight on end brace, (« 6w?), + weight 
on tension oblique meeting said brace), « | 8.666z^ a 
6.77u?. 

The two obliques meeting at the first node from the 
end, sustain together 4u7, adding 2.6660? to the above, 
and making a compression of 8.44 It^ upon the second 
section ; while succeeding diagonals make the stresses 
of the Sd and 4th sections, 10.222iOy and Ll.lw re- 
spectively ; whence, by process already employed and 
described, we derive: 

Material for upper chord — 47.892m' — 28.485M 

Add for end braces, 17.28 " -10.868" 

" ** other obliques, 15.985" « 9.561 



(( 



Total for compression material, 80.607m' « 48.364M 

Tension, chord, 50.87m' 

Obliques, 20.616 

! Verticals, • 5 

' 78.986m' - 47.891M. 

Grand Total, 95.755M. 
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The Arch Truss. 

CXXXVIL A parabolic Arcb Truss of tbe same 
lengthy depth and load as allowed id the five preceding 
eases, and having 9 panels, will compare, as to repre- 
sentative of amount of material, as follows : 

Let w^ represent the variable, and u?,,, « Jw^, the per- 
manent panel-load. Then, taking the greatest depth 
of truss (15/.), as the unit of length, as before, the 
length of chord will be 6.666, and the verticals respect- 
ively 1, 0.9, 0.7, and 0.4. 

The length of panel (11.111/.), being divided by 16/ 
(the unit), gives .74074. Hence, tension of chord =* 

4 {w, + w,,) X ^^, = 1 J X 7.4074m?,, which, multiplied 

by length of chord (— 6.666), and tr,, changed to m^, 
gives representative of material «* 9.8765 x 6|m, =» 
65.843m^ ; in which M^ is the unit of material, proportional 
to the unit of length (15',) x unit of stress, w^. 

The maximum tension of diagonals, as determined 
instrumentally by process explained [xxvii, &c ,] va- 
ries from l.llu?^, to l^w^ ; and, taking the highest, mul- 
tiplying by the aggregate length (15.4), and changing 
Wf to M^, we obtain material » 20.52m^. 

The verticals sustain tension, each, ^ l^t^/) with an 
aggregate length of 6, giving material ^ 8m, ; making 
a total of tension material « 94.376m,. 

The horizontal thrust of the arch, must be in all 
parts the same as the tension of the chord (at the maxi- 
mum under full load), and it is manifest that the ma* 
terial for each segment, must be to that of the middle 
segment, as the squares of respective lengths to unity ; 
that is, equal to material in said middle segment, mul- 
tiplied by squares of respective lengths. 
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But the representative for the middle piece equals J th 
that of the lower chord, «> 7.316My. Hcnce^ thisamouut 
multiplied by the sum of squares of all the others, +1 
for the middle segment, found to be 9.058+1, » 10.058> 
gives, to represent material for the whole arch, 73.584m^. 

Then, the vertical members are liable to be exposed 
to compressive action, represented by the small amount 
of 2.058m^, which added to the above, gives a total of 
compression material, equal to 75.642m^. 

Now, the factor M^, here used, is to the factor M 
used in the preceding cases, manifestly, as |x J, to J, 
^^ i^i'if whence, 12m^ » gM ; and we reduce the co- 
efficients of M;, by ^, and change m^ to M, to bring the 
last results to the same standard measure as in the 
preceding. 

Effecting these changes, we have, for tension 
material, Chord 43.895M, + Diagonals 13.689M + 
Verticals 5,333M, equal to a total of 62.917M. For com- 
pression, Arch, 49.066+Verticals, 1.372, « 50.428M. 

IStnopsis of Prbcedinq Deductions. 

The following tabulated statement may promote the 
convenience of comparison : 



Trasflea. 


Material required expressed in Ms. 




Tension 
total. 


Compression. 


Comp. 
Total. 


Grand 


Designated. 


Chord. 


Ends. 


Posts* &c. 


Total. 


Bollman, . 
Finck, .... 

Post 

Whipple, . 
Isometric, . 
Arch 


65.296 
70.296 
52.990 
50.500 
47.891 
62.917 


58.838 
58.838 
84. 
32.6 
28.435 
1 49.056 


7.000 

7. 

7.6 
10.87 
10.808 


• 

8.000 
9.01 
8.97 
t9.561 
1.872 


65.888 

68.383 

50.610 

46.94 

48.364 

50.428 


180.620 
188.629 
108.200 
97.44 
95.765 
118.845 



*ActQal, bat not a determinate qnantitj. f Thrust Diagonals 
t Arch. 

83 



^ 



258 Bridge Building. 

CXXXVin. The figures in this table are to be 
nndcrstood in all cases as prefixed .to the quantity M, 
which, as far as relates to tension material, represents 
a determinate amount of wrought iron ; while, as it re- 
lates to compression material, M represents an amount 
of cast or wr ug't iron, varying as the forms and pro- 
portions of parts vary. But, in the present discussion 
M may be assumed to have a uniform value in ex 
pressions relating to material under the heading of 
chords ; and of ends, whether oblique or vertical. 

The quantities under the head posts, require in 
general, probable twice as high a value for M, as that 
required for the other classes of thrust members, as it 
regards all but tha first named truss, while the first is 
not represented in that column at all, although the 
parts there referred to are as indispensible, practically, 
and require nearly as much material as corresponding 
parts in the other plans. 

With regard to plan No 2 (the Finck), 6 posts ac- 
tually required (two of which, at the quarteringa, sus- 
tain determinate weight equa.l to W each), are also 
omitted in the table, to place this plan upon an equal 
footing with the preceding one. 

There is also a consideration with regard to the ef- 
fects of load upon these two trusses, especially the 
first, which render M partially necessary to use diagonal 
ties, or " panel rods" in the several panels ; and such 
have usually been introduced wherever such bridges 
have been constructed. 

As any one pair of suspension rods in the Boll man 
truss may be under full load, while the others are 
without load, the loaded node would, in such case, be 
depressed, while that on either side would retain nearly 
its normal position. Thus would result an obliquity 
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in panels adjacent to the loaded point, andconseqaently, 
a tendency to kink in the upper chord, by opening 
the joint above the loaded point upon the under side, 
and the next joint either way, upon the upper side. 
Hence the compression of certain chord segments 
would be thrown upon the extreme upper side at one 
end, and the lower side at the other end. This would 
be decidedly an unfavorable condition, which the panel 
rods are used to obviate by distributing the load of 
loaded points over adjacent, and more remote parts of 
the truss. Otherwise, the bridge would act under a 
passing load, somewhat in the manner of a pontoon 
bridtje. 

By estimating a reasonable amount of material for 
posts and panel ties, the figures in the table, opposite 
the first two trusses would be materially increased. 

Hence, it must be obvious that the necessary mate- 
rial for the two above named trusses, is not so fully 
represented in the table, as in the case of the other 
four; with regard to which — assigning proper values 
to M in the different columns of the table, and assum- 
ing the members to adhere to one another as firmly as 
the difierent portions of each cohere among themselves, 
a complete truss would .be formed in either case (of 
dimensions as above assumed), sufiScient to be used in 
a bridge required to bear a gross load equal to 4 times 
the weight of superstructure; provided the proper 
ratio of safe variable load to weight of structure be as 
8 to 1 ; as is nearly the case with regard to a 100 foot 
bridge.* 



* M, in the precedingf table, represents a piece of iron, 15^ lon^ir bus- 
fident to sustain with safety, a weigfbt W, equal to ^ of the ^ross 
maximum load for one truss of a 100ft. brid^.. Allowinp^ l,0001hs. to 
the linea! foot for movable, and 8881bs. for permanent 1o<id, W, repre- 
sents i X ld3,33dlbs.a 16,6601b6. Then, reckoning the safe stress of 



260 Bridqb Building. 

Id such case, the results already obtained, would 
show the relative cost of the several trusses (excepting 
the first two), with almost absolute exactness. 

But, as the parts of a truss can not be so connected 
and welded into a single piece, without enlargements 
at the joinings, by any skill or process now in use, we 
have to include as an item of cost, in all plans, a con- 
siderable amount of material above and beyond the 
net lengths and cross-sections, as here before deter- 
mined with regard to the trusses under discussion, re- 
quired for the lapping of parts, screws and nuts, eyes 
and pins, &c., to form the connections of the different 
members with one another. 

With regard to the trusses under comparison, no 
obvious reason presents itself, why any one should re- 
quire a percentage of allowance for connections ma- 
terially greater than another. Leaving out the two 
first, as perhaps already sufficiently discussed, the 
others consist of about the same number of necessary 
members, and with the exception of the arch truss, ad- 
mit of nearly the same forms and connections of parts. 
The Isometric, or Trapezoid without verticals, presents 
the fewest lines in the diagram ; but some six of those 
lines represent both tension and thrust members, either 
separate or combined, which probably complicates the 

iron (thrust or tension), at — say 10,0001be. to the inch of crosfr^ection, 
it takes If square inches to sustain the weight W ; heing about 5f lbs. 
to the foot, or 84|lbs. for 15'. This, increased by — say, 20 per c for 
extra material in connections, gives the practical value of M ; which, 
multiplied by the co-efficient of M in the table, produces approxi- 
mately, the respective weights of trusses. 

Now, 1^ X 84.87 s lOUlbs. which multipUed by 118.845. theeo^ 
efficient for the Arch truss, gives for the weight of that truss. 11.4761bs. 
Add for 10 feet width of platform (with wooden beams), — say 5,000ft. 
h. m. of limber and plank, equal to about 30,000 lbs., and we have 
81.4761bs. to represent the permanent load of the truss. But we have 
assumed a truss proportioned to sustain with safety 188,8831b., which 
is a little more than 4 times the weight of structure hero above esti- 
mated as supported by the truss. 
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details of connection, quite as much as the extra three 
members in truss No. 4. The Post truss presents the 
larger number of acting members, even omitting six 
counter ties seen in the diagram, with apparently no 
advantage as to modes of connection. Both the Post 
and the Isometric have 10 members represented in the 
4th column of the table, whereas the Whipple trass 
has only 7, and these the shortest of all ; and, as the 
material in these parts manifestly acts at a disadvan- 
tage, they being comparatively long and slim, and sus- 
taining slight action, any excess in their number, would 
seem to be unfavorable to economy. 

It is believed, however, that the Post truss would be 
improved in economy *by reducing it to a trapezoidal 
contour, as, for instance, by removing the parts outside 
of bx and kn (Fig. 49), and changing the tension pieces 
av and ol for others connecting b with e?, and o with k ; 
thus converting the figure to a trapezoid very similar 
to that of Fig. 50 ; and, by striking out one panel from 
the latter, and arranging parts as in Fig. 20, except as 
to inclination, the relative merits of inclined and ver- 
tical posts, as represented in these two plans may be 
fairly tested. 

Analysis of trusses modified as just indicated, show 
tension material slightly in preponderance with the 
vertical, and thrust material a little the greater with 
inclined posts ; the average being about one per cent 
greater in the case of vertical posts. 

This balance, though trifling in amount, is upon tho 
side where it was to be lookod for, in view of the re- 
sult of investigations had with reference to Figures 12 
and 13 [xxxix — XLvi], as well as the case of the Iso- 
' metric. Both the Post truss an4 the Isometric, as to 
principle of action, may be classed with Fig. 18, where 
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weight is transferred from oblique to oblique, and not 
from oblique to vertical, and the contrary. The same 
may be said of truss Fig. 15, sometimes called the 
Triangular, in which verticals are used merely to trans- 
fer the action of weight from the point of application 
to the connections of the obliques ; after which, the 
weight has no action upon verticals. 

Now finally, we see by table of results, that if the 
Post truss be changed to the trapezoidal form, as above 
suggested, it will occupy a position, as to amount of 
material, or more. strictly speaking, the amount of oe. 
Hon upon material, between Fig. 50 and Fig. 51 ; which 
latter differ from one another less than 2 per cent; a 
difference, which would undoubtedly be increased 
somewhat, underdifferent general proportions of trusses. 
For instance, while Fig. 50, shows an inclination of 
diagonals used in connection with verticals, probably 
nearly approaching the optimum^ Fig. 51, though su- 
perior to the true Isometric (with angles of 60®), in 
the greater inclination of its obliques, would give still 
better results with an inclination of about 40®. 

CXXXIX. On the whole, we must look to other 
quarters than the amount of action upon material, for 
plausible ground upon which to found a decided pre- 
ference for either of the three plans in question. A 
difference of two or three per C, and even more, may 
easily result from greater or less facility of constructing 
and erecting the structure, while a regard for appear- 
ance may also be worthy of consideration. Hence, 
Engineers and builders will adopt one or another plan, 
according to individual taste and judgment, and the - 
one who carries out the principles of either system with 
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the greatest skill, and the best materials and workman- 
ship, will probably produce the best bridjg^e. 

Judging from the preceding tabulated statement, 
the arch truss seems, prima facie^ to labor under a 
somewhat formidable disadvantage in the fact that it 
shows an amount of action upon material 10 or 15 per 
cent, greater than the three preceding plans just es- 
pecially referred to- But for the light of experience, 
we might be led to discard the plan without a trial. 

But, having chanced to be the first plan of iron 
Truss successfully put in use, and having had its ca- 
pabilities fully tried and demonstrated, before any 
formidable competitor appeared in the field, it could not 
be dislodged from its position, until a rival plan could 
not only theoretically, but also practically demonstrate 
its superior claim to public favor. 

The result has been such as to show that even a very 
considerable excess of action upon material, may be 
Overbalanced by more advantageous action of thniai 
maieiial^ and greater simplicity and facility of construct- 
tion ; insomuch that the Whipple Patent Arch Truss, 
with trifling modifications from the original pattern, 
has competed successfully with all other plans, for the 
class of structures it was originally designed and re- 
commended for (common bridges of 50 to 100 feet), 
during more than a quarter of a century, which has 
been fruitful in efforts at improvement in iron bridge 
construction. 



-♦— 



. COUNTER BRACING. 

The elasticity of solid materials, is manifested 
in bridge trusses, by their downward deflection under 
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loady and the recovery of their previous form and po- 
sition OQ the removal of the load. 

This arises principally, from the temporary elonga- 
tion of parts exposed to tension, and the contraction 
of those exposed to compression, according to laws 
and principles supposed to be understood. 

The deflection of trusses within the usual limits, 
when properly proportioned, is not essentially detri- 
mental to their safety and durability; but rather 
enables them the better to resist sudden impulses, — 
except in case of a regular succession of impulses, at 
intervals corresponding with those of the natural vi- 
brations of the structure, or with some multiple or 
even division thereof; a result frequently noticeable, 
and sometimes, to a degree somewhat unpleasant to 
the eye, as well as suggestive of danger. Hence, 
great emphasis is often employed, in expressing the sup- 
posed advantages of *^ counter bracing/' as a means 
of stiffening trusses, and preventing, or diminishing 
their vibration. 

What is technically called "counter-bracing," as ap- 
plied to bridge trusses, is the introduction of a set of 
diagonal, or oblique pieces or members, to act in an- 
tagonism to the main diagonals, whether acting by 
tension or thrust, which contribute toward sustaining the 
weight of structure and load ; the object being, to re- 
tain in the truss when unloaded, more or less of the 
deflection produced by the load, when the truss is 
loaded. 

My object at the present time is, to exhibit the pro- 
cess and results of my investigations as to the theory 
and effects of this counter-bracing, as usually practiced 
in bridge building, and to state the conclusions arrived 
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at, as to the value of counter-braces, towards eflfecting 
the object proposed. 




I assume a truss (see Fig. 62) composed of horizon- 
tal chords (of equal lengths), at top and bottom, vertical 
posts, and diagonal tension rods, inclined at 45°, or at 
any other given inclination, — the truss being uni- 
formly loaded from end to end, and so proportioned 
that all of the above named parts, in that condition of 
the load, shall undergo an amount of extension or 
compression, proportional to the respective lengths of 
pans, multiplied by a constant factor (^, equal to the 
elastic change effected in a length equal to that of the 
uprights between centres of chords, which is assumed as 
the unit of length for the occasion. Then, let L repre- 
sent the length of truss, P, the number of panels, -ff, 
equal to L-irP^ the horizontal reach of diagonals, and 
IX (equal to 2LE), the difference in length, occasioned 
by extension of lower, and compression of upper chord. 

Now, assuming no change in lengths of diagonals 
and verticals, it is manifest that the chords assume, in 
these circumstances, the forms of two similar and con- 
centric arcs of circles, of which the difference in length 
/i^ to the mean length, as the difference of radii is to 
the mean radius, R. ' 

But the difference of radii manifestly equals the 
distance between chords, equal to 1. Using, then, 
the representative signs before adopted, we have 

D : L : : 1 : M; whence R^L-^-D. 

84 
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Now, the depressiou at the centre of the truss, is 
evidently equal to the versed sine of half the arc made 
by the chords, and is found with sufficient nearness, 
by the equation . . Dep. ■■ (^L)* -♦• 2fi, » Ji* -3- E. 
Then, substituting L-^ Dfov Ry we have dep.= \U -*- 
{L + D), = \DL. 

Hence, if the length of truss equal 8 times the depth, 
or 8, the deflection due to this cause, will equal the 
difierence in length of the two chords, produced by 
their extension and compression. 

Again, if length equal 6, then, dep.» \D x 6, » 
8i)-*-4, = 9JE 

The depression resulting from extension of diagonals, 
may be illustrated as follows. 

If the points a and 6 of a rectangular panel abed 
(Fig. 53), be fixed, and dc be extended by an addition 

equal to eh to its length, produced by 
the action of weight at c, either di- 
rectly, or through the upright dc ; the 
points d and c will fall to g and A, 
and the very small triangle ceh {eh 
representing only the elastic stretch 
6iac\ will be essentially similar to dbe ; 
whence, ch : ac : : eh : ab, and eh : 
E : : ac : ab, : : %/ (1 + jH*) : 1 • . . Therefore, eh = 
JEs/ (1 + H^). But cA : ./ (1 + jff ^ : : cA : 1, : : 
JSs/ {1 + H^):l; consequently, . . cA = ^ + EH\ 

Now, if this represent one of the end panels of a 
truss, all parts of the truss between the end panels, 
must descend through a space equal to cA, in conse- 
quence of the extension of diagonals in the two end 
panels ; and so for each succeeding pair of diagonals, 
to the centre of the truss. Therefore, the depression 



Fig. 53. 
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iu the centre, due to the stretching of diagonals, niust ' 
be equal to JP x (1 + H^)E, =. (JP + J PH^)E. 

The depression iu the centre of the truss, due to 
compression of uprights, is simply equal to the aggre- 
gate compression of all the uprights on either side of 
the centre one, and consequently, equal to JPJK This 
amount added to that produced by extension of 
diagonals, as above determined, makes, for up- 
rights and diagonals together, a depression equal to 
{P + \PB^)E. 

The value of this last expression, length and depth 
of truss being the same, varies slightly with variation 
in number and width of panels, but not so as to be a 
matter of practical importance. 

Assuming i =- 8y, = 8, we find that, 

P= 2, and P« 16, make (P+ i PR*)E^nE. 

P=4, andP= 8 " « =12^. 

P=6, makes " = llj^. 

6 panels, therefore, seem to produce the least deflec- 
tion. 

The deflection resulting from changes in leng hs of 
chords, has been shown to be equal to \LD ; and, 
substituting P^for i, & 2 Pifj& for D, we have. . J 
LD^^P^S*Ej sadeflection from change in chords. 

The term Ej then, with the following co-efficients, 
expresses the depression at the centre of the truss, re- 
sulting from all changes in length of parts, namely, 

for chords, jP^Jff^, for diagonals, iP+^PH*, and, 

for uprights, JP. 

Hence, the deflection of a truss, under the condi- 
tions here assumed, depends upon three simple ele- 
ments, represented by the letters, P, Jff, & E; and is 
expressed in the following general formula ; 

Deflection- {IP^H\ + JP+ JPfi«, + iP)xE. 
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The parts of this aggregate co-efficient of JS^ re- 
ferring respectively to chords, diagonals, and uprights, 
are separated and distinguished by commas. 

The form 4la just given is equally applicable in case 
of thrust diagonals and tension verticals ; as will be 
made obvious by a moment's examination of the 
principles involved. 

Now, if the truss could be anchored down, by ties 
and anchorage absolutely unyielding, to the point of 
its utmost deflection under load ; the load might be 
removed, and replaced, without any rising or falling 
of the truss, — the load and the anchors alternately re- 
taining the deflection, and preserving a constant and 
uniform strain upon the truss* 

The same effect is pariiaUy produced by counter- 
bracing ; and the object of the present investigation is, 
to determine, approximately, at least, to what extent 
this may be done, and what is the real advantage of 
counter-braces, in trusses with parallel chords ; beyond 
where they are necessary, to counteract the effects of 
unequal variable load, upon the different parts of the 
truss. 

We have seen that deflection results from three 
causes, all, of course, depending upon elasticity; 
namely ; difference effected in lengths of, — ^first chords, 
second, diagonals, and third, uprights. 

The theory of counter-bracing is, that by the intro- 
duction of antagonistic diagonals, the material is pre- 
vented from regaining its normal state on removal of 
the load ; and consequently, that it yields to the re- 
imposition of load, to much less extent than it would 
do, in the absence of counters. 

As to the deflection due to the difference in lengths 
of chords, equal, as shown by the general formula one 
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page back, to one-half of the whole, for a truss in which 
L » 62f, and to more than half, when L is greater 
than QH', the counter-diagonals have no tendency to 
retain or diminish that difference, or the deflection 
produced by it. The diagonals and counters, simply 
contract or extend (according as they act by tension or 
thrust), the two chords equally, without affecting the 
difference between the two. 

On the contrary, the action of the counter diagonal 
tends to retain the tension (or thrust, in case of thrust 
diagonals), of the main in the same panel, and also, 
the compression (or tension), of uprights ; and, in as 
far as that is accomplished, the deflection due to the 
elasticity of those parts, is retained, on removal of load 
from the truss. 

Suppose, in a truss with tension diagonals, loaded 
and depressed as already explained, and all parts ex- 
tended or contracted to the amount ofE x respective 
lengths; a counter-diagonal to be inserted in each 
panel, crossing the mains, as shown in the diagram 
(Fig. 52), and of half the size of the latter,- such being 
the usual proportion for counters. 

Now, the counters being adjusted so as not to act 
while the load is on, but ready to act immediately, as 
the main diagonals begin to c6ntract, then, the load 
being removed, the main will contract by its elasticity, 
opposed by the counter, until they come to an equili- 
brium ; each sustaining the same amount of tension. 
Still, the aggregate extension of the two beyond the 
natural state, must be essentially the same as that of 
the one, under the load; the one gaining, just as fast 
as the other loses. 

But the main, having a cross-section twice as great 
as the counter (chords and uprights retaining the same 
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lengths), must lose two-thirds of its tension, while the 
latter is acquiring strain enough to withstand the re- 
maining third. Hence, 2 thirds of the deflection doe 
to extension of diagonals, is recovered, on removal of 
the load, while the counter-diagonal retains the other 
1 third. 

But the posts (the greater portion of them), do not 
remain stationary as to length, as above assumed ; the 
main and counter diagonals together, exerting, ob- 
viously, only f as much action upon them in the new 
condition, as the former exert under load, they are re- 
lieved of ^ of their aggregate stress under load ; but 
do not recover in the same degree, their original ag- 
gregate length ; for the relief falls mostly upon the 
larger uprights, where the relative effects are less than 
the average. 

To illustrate the case as to uprights — if equal 
weights act at the nodes of the lower chord (Fig. 52), 
the compressive action upon the posts at;), q^ r, and 5, 
is obviously as 1, 3, 6, 7, respectively, or as 8n, 9«, 
15n, 21n. [See analysis of Fig. 12]. Then, — Counter- 
bracing, and removing load ; sa is relieved of two-thirds 
of its stress, equal to 14n, while bs exerts a force of 7n 
upon 6r, making with 6n retained by bq^ a total of 12n 
upon 6r, and showing a relief of 8n. Again ; cq receives 
5n through CTy and 8n through cpj ^ 8n in all, being a 
relief of In. But dp, receiving Sn through rfy, and In 
retained by do, sustains 4n, being an increase of In. 

Now, as these uprights are assumed to undergo the 
same contraction under load, ^ of the deflection on ac- 
count uprights, is due to each. Therefore, sa being 
relieved of 2-8ds of its action, restores . . 2-8ds of J, 
(=» 16.6 per C), of that deflection. In like manner, br 
restores 1-6 th of J, — 5 per C, and eq l-Qth of J, or 2.8 
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per C, making, for the pieces together, 24.4 per C, re- 
stored. This is diminished by l-8d of J, or 8.3 per C, 
(on account of increased compression upoud!p), leaving 
a balance of 16.1 per C. only, of deflection from con- 
traction of uprights, which is restored in spite of 
counter-diagonals, in the case under discussion. 

Moreover, the main and counter diagonals, produc- 
ing more or less effect of contraction upon the chords, 
according to the degree of inclination of the former, 
and the cross-sections of the latter, it may, perhaps, be 
reasonably assumed, that the contraction thus effected 
in the horizontal, is a full offset to the 16 per C. of ex- 
pansion in the vertical sides of panels, as above shown ; 
so that we may regard the whole deflection from up- 
rights, as being retained by counter-diagonals. 

To state the full result of the foregoing investigation 
then, we And in case of Fig. 62, which is a fair repre- 
sentative of the average of trusses; that counter-brac- 
ing, obviates all the deflection due to compression of 
uprights, together with J of that resulting from exten- 
sion of diagonals ; and, making j5 >■ 1, in the formula 
for deflection (p. 267), we have — deflection saved by 
counter-diagonals, ■■ (J x 8 + 4) -♦• 28, — a little, less 
than 24 per C. of the whole deflection. If H^ 0.75 
(truss 52), the result would be about 81^ per C. saved. 

But even these results are based upon conditions 
never occurring in practice. It has been assumed that 
all parts of the truss undergo equal degrees of change 
under a full load ; «which may be nearly true with re- 
spect to chords, but not to other parts. The maximum 
action upon od and dp (Fig. 52), requires those parts to 
be 2\ times as great, as they need be under full load ; 
while pcand cq require \ more, and, qh and 6r, l-20th more 
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cross-section at the maximam, than uuder a fall load 
of the trass. 

Now the deflection resnlting from elasticity in these 
parts, being less in proportion as the parts are greater, 
the saving by coanter-bracing, must be less in the same 
degree, as for as it relates to such parts. This at once 
reduces the above computations for deflection retained, 
from 81} and 24, to 25 and 19 per C, for the two cases 
respectively ; and, considering the increase of section 
required for uprights (in iron trusses), on account of 
great length and small diameter, as heretofore alluded 
to, it is deemed to have been fully demonstrated, that 
the effects of counter-diagonals, of half the size of the 
mains, are, to retain in the truss when unloaded, from 
one-sixth or less, to one-fourth of the deflection pro- 
duced by a full movable load. 

But it has been seen in the progress of our investi- 
gations as to the action of load upon the different parts 
of the truss, that counter-diagonals are required in one 
or two panels on either side of the centre, and there, 
they can not be safely omitted. But, beyond the point 
where the weight of structure acting on the mains, be- 
gins to overbalance the effects of unequal and variable 
load upon the counters, I do not consider the advan- 
tages of counter diagonals to be sufficient to warrant 
their use. 

In the case of rail road trains, gliding smoothly over 
bridges of ordinary spans, a quarter or a half of an 
inch more or less of deflection, is of slight importance, 
while, in bridges for ordinary carriage travel, the only 
objection to it is, that it slightly increases the degree 
of vibration produced by successive impulses, as of the 
trotting of animals, in time with the natural vibrations. 
Now, counter-bracing tends to shorten the intervals of 
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the Datnral vibrations by dimiDishing their extent; but 
can not destroy the liability to vibration ; and th5 al- 
teration of interval prodaoed^ may as often bring the 
vibrations nigher in tone with the gait of a trotting 
horse, as otherwise. In certain cases the effect would 
be one way, and in others, the opposite; and in 
general, the only result would be, to diminish the ex- 
tent of motion ; by one quarter, or less. 

• Such is the result of the best reasoning and science 
that I have been able to bring to bear upon the subject 
of counter-bracing. 

To find the actual maximum deflection of a truss it 
is only necessary to know the value of P and Hy and 
to assign to E a value determined by the character of 
material, and the stress upon the several parts under 
full load. 

In Fig. 52, if fi = 1 = 12Jft., and the tension of 
wrought iron equal 15,000fe8. per square inch, the 
value of ^ for that material, will be about 0.0075 ft. ; 
and this will apply to the lower chord, and the obliques, 
or and IL But the average value of E for diagonals 
of wrought iron, would be about 0.006ft. 

For cast iron, ll,000fl>s. to the square inch, requires 
about the same value for Ey as 15,000 upon wrought 
L ; and, as that is a fair working rate of compression 
for cast iron in the upper chord, .OOTSft. may be taken 
as the value of ^for chords, in general. Uprights, 
for reasons heretofore explained, require a value for 
E'y not greater than .005ft. 

The above values of E and J?, substituted in the 
formula (i F^H\ + \P+ \PE\ + JP,) x E, it becomes 
\P'H^E+ (JP + \PH^)E + IPW\ equal to i x 64 x 
.0076, + (4 + 4) .006, + 4 x .006, «, 0.188ft. - about 
2| inches. Hence, a well proportioned wrought and 

35 
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cast iron trass, one hundred feet long, by 12} feet deep, 
may be depressed 2^'' in the centre by a distributed 
load (including structure), with tension not exceeding* 
15, and thrust, not exceeding 11 thousand pounds to 
the square inch in cross-section of iron. 



WOODEN BRIDGES. 

Strbkgth of Timber, &c. 

CXL. The qualities of wood as a building material, 
have been extensively treated of by authors whose 
works have long been before the public, with a degree 
of ability and research to which ihe present writer can 
make no pretensions. He will therefore at this tinie^ 
simply state the conclusions arrived at from reading 
and observation (coupled with some experimental i-e- 
search) with respect to the average absolute strength, 
positive, negative, transverse, and to resist splitting, in 
certain cases; of the timbers principally in use for 
building purposes ; as also, the forces they will bear 
with safety under various circumstances; leaving it, 
of course, for others to' adopt his views for their own 
practice, or to modify and correct them, according as 
their greater experience or better judgment may 
dictate. 

At the same time, the author may be allowed to ex- 
press his firm belief, that the views about to be pre- 
sented, if fairly observed, will lead to the adoption or 
continuance of a safe and economical practice as to the 
proportioning of timber work in bridge construction. 

Pine timber in this country is perhaps to be ranked 
as among the most valuable timber in use for building 
purposes ; especially in bridge building. White oak. 
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and some other varieties, are preferred for certain pur- 
poses, as being harder, stiffer, and especially better 
calculated to sustain a transverse action, whether 
tending to bend or crush it. But in what follows, 
reference will principally be had to the ordinary white 
pine of this country ; and the deductions here made, 
may readily be modified so as to apply to other mate- 
rials of known strength, when so required. 

The absolute positive, or tensile strength of pine, 
may be stated at about 10,000Sbs. to the square inch 
of cross-section. It might therefore seem to be safely 
reliable in practice, at 15 or 16 hundred pounds to the 
inch, upon that part of the section of which the fibres 
are not separated in forming connections with other 
parts of the structure. And so it probably would be, 
when new, sound, and straight grained. But timber 
in bridges, is usually more or less exposed to wetting 
and drying, and deterioration in strength, — especially 
as it regards tension. Moreover, in forming connections 
of parts and pieces in a structure, it is difficult to se- 
cure a uniform strain upon all the uncut fibres ; — one 
side of the piece being often exposed to much greater 
stress than the other. In view of such facts, it is 
deemed advisable to seldom allow less than one square 
inch section of unbroken fibre to each l,000]bs. of 
tensile strain, 

Neoativb Strength of Timber. 

CXLI. The ability of pine to resist compression in 
the direction of the length of piece, is from 4 to 6 thou- 
sand pounds to the square inch of section, and this 
varies but little, whether the pieces be of length equal 
to once, or five or six times the diameter. It moreover 
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diminishes only about one-third with an increase of 
length up to 18 or 20 diameters. 

Now, if we take about ) of the absolute strength, 
say SOOfts. to the inch for a length of 6 diameters, and 
560 for 18 diameters, and snbstract 40S>s. per inch for 
every increase of 2 diameters in length, between 6 and 
18 diameters ; and from 18 to 40 diameters, compute 
the quantities by the rule given [lxxxix], in relation 
to negative resistance of cast iron, we shall form a 
table of negative resistances of timber, for a range of 
lengths which will cover the principal cases that will 
occur in bridge building, which the author feels confi- 
dent in recommending for the adoption of engineers 
and practical bridge builders. If it be desired to ex- 
tend the table to greater lengths than 40 diameters, 
the formula which makes the strength as the cube of 
the diameter divided by the square of the length, may 
properly be used. 

The following brief table of negative resistance of 
timber, has been constructed in the manner above in- 



Table of Negative Resistance of limber. 



Diameten. 


Pounds. 


Diametera. 


Poonds. 


Diametera. 


Poonda. 


6 


800 


24 


868 


42 


166 


8 


700 


26 


828 


44 


151 


10 


720 


28 


296 


46 


138 


13 


680 


30 


269 


48 


127 


14 


640 


82 


246 


60 


117 


16 


600 


84 


227 


62 


108 


18 


660 


86 


210 


64 


100 


20 


479 


88 


195 


67 


^ 


22 


416 


40 


188 


60 


81 



dicated, and exhibits at a single view, the number of 
pounds to the square inch of cross-section, which tim- 
bers of difierent lengths will bear with safety, at inter- 
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val8 of 2 diameters iu length, for all lengths between 6 
and 60 diameters. The first column gives lengths in 
diameters, and the second, the namber of pounds to 
the square inch, borne, with safety. 

Transvbrsb Strength op "Wood. 

CXLn. Pine timber will bear a transverse strain of 
1500 or 1600fl>8. to the square inch of cross-section ; 
that is, the projecting end of a beam will bear 150096s. 
for each square inch of its cross-section, applied at a 
distance from the fulcrum equal to the depth of the 
beam ; the force acting parallel with the sides. In 
other words, a beam 1 inch square upon supports 2 
inches apart, will sustain 8,000968. midway of supports, 
provided the timber be not split or crushed ; as would 
certainly be the case with so short a leverage. 

It will therefore be proper in practice, never to ex- 
pose this material to a greater transverse strain than 
2509t)S. (upon a leverage of 1 diameter), to the square 
inch ; and, to calculate the strength of a projecting 
beam, this quantity should be multiplied by the cross- 
section and the depth, and the product divided by the 
distance of the load from the fulcrum, [xciv.] 

For the safe load in the middle of a beam supported 
near the ends, take four times the above quantity 
(=• l,0009b9.), multiply by cross-section and depth, and 
divide by length between supports. 

A beam will bear twice as much load uniformly dis- 
tributed over its length, as when it is concentrated in 
the* centre, in case the beam is supported at the ends, 
or at the end in the case of a projecting beam. 

But these are familiar principles and need not be 
dwelt upon in this place. 
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Clbavagb. 

CXLin. In order that a piece of timber may act by 
tehsion, it is neceesary that a portion of its fibres be 
separated, to form a beading for tbe stretching force to 
act against ; and, that the strength of tbe piece may 
be made available for as great a part of its length as 
may be, without having the head split off, it becomes 
important to know the power of the material to resist 
such a result. 

Let ab Fig. 54 represent a heading by means of 
which the stick is made to act by tension. Now, as the 
timber is incapable of supporting upon the ends of its 
fibres with safety, for a great length of time, a force of 
more than 8 or 10 hundred pounds to the square inch, 
the area ab should contain at least one square inch^for 
each l,000]bs. to be applied to it. And, if the head 
ab be too nigh the end of the stick, the part abed will 

Fig. 54. 
a 




^^^^^t^^^mm^^iJtmmmm ■■■■» •«^»»a»J 




split off, and be thrust over the end of the timber. It 
is found by experiment that to produce this effect upon 
timber of sound and straight grain, requires a force of 
nearly GOOfts. to the square inch of cleavage in the area 
efcb. It is therefore obviously necessary to safety, that 
the head a6, be at a distance from the end, equal to at 
least 10 times the depth (oe) of the head, that the area 
of cleavage may be sufficient to stand as great a force 
as the area of head can stand ; i. e., there should be 
10 inches of cleavage surface to one inch of head surface. 
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If the heading be formed in the central part of the 
stick, as by a mortice or pin hole, two cleavages must 
be made from the hole to the end in order that the 
part may be forced out. Hence, the hole need be only 
about five times the width of hole from the end ; that 
is, an inch hole should be five inches, and a two inch 
hole, 10 inches from the end. 

Transverse Crushing. 

Timber is sometimes liable to be crushed by forces 
acting transversely to the direction of its fibres. If 
the pressure be applied to the whole side of the piece, 
it should not exceed 150, or at most 200&S. to the 
square inch, in practice. If acting on one-half of the 
surface, it may perhaps, be S00S>3. to the inch, without 
yielding very injuriously ; and, for a very small portion 
of surface, as under a bolt head or washer, a pressure 
of 500&8. to the inch may be admissible. These limits 
are taken with reference to pine timber. Hard timbers, 
will bear, probably, 25 to 60 per C. more with safety. 

Connections of Tension Pieces, and Proportionate 
Amount of Available Section. 

CXLIY. From what has been already said, it fol- 
lows that for a piece to act with the best advantage by 
tension, if the connection be muade all at one point in 
the length, one-half of the fibres require to be cut off, 
so as to form an area of heading equal to the cross-sec- 
tion of the remaining part of the stick ; since it has 
been assumed that the power to resist tensile strain 
with safety, is the same as the power to resist compres- 
* sion upon the ends of fibres. But if several headings, 
or shoulders be made at different points, or distances 
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from the end, a less portion of the fibres require to be 
separated. 

If, upon a piece 4 inches thick, instead of one shoulder 
2 inches deep at 20 inches from the end, we make two 
of one inch deep, each, the one at 10, and the other at 
20 inches from the end, we have the same area of 
shoulder,, and 50 per C, more fibres to act bj tension ; 
which may be made available by another shoulder at 
80 inches from the end. Thus a greater proportion of 
the fibres, but a less proportion of the length is availa- 
ble. 

In the same manner, if a piece be connected by 
pinning, requiring 2 pins of 2 inches in diameter, at 
10 inches from the end, four 1 inch pins, two at 5, and 
two at 10 inches (if stiff enough), give thesame shoulder 
surface, and require the cutting of only half as many 
fibres ; and, two more pins at 16 inches from the end 
will give fths of the whole area of section available for 
tension. In case the smaller pins be not stiff enough, 
they may be of an oblong section in the direction of 
the strain. 

A still further reduction of depth of shoulder or 
width of pin, will make a still larger proportion of the 
fibres available, but not so much lefigth ; and, experi- 
ence and judgment, with a little calculation, must dic- 
tate as to the proper medium in this respect. The 
theoretical limit is, when the shoulders are infinitely 
small, in which case, the whole cross-section becomes 
available. But, as the resistance to cleavage must be 
equal to the force of tension, it follows that the loss in 
available length, is proportional to the amount of 
cross-section available for tension. 

In practice, it is usually not expedient to estimate ' 
more than one-half or two thirds of the whole section 
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B3 available for tension. This reduces tlic safe practi- 
cal strain for timbers sustaining tension, to from 500 
to TOOBbs. to the square inch, for the whole cross-section ; 
and the proper point between these limits should be de- 
termined by the mode of forming the connections in 
specific cases. 

Pins oi Wood akd Ikon, for connecting Timbers 

IN Bridge Work. 

CXLV. Perhaps no more suitable place will occur 
for making a few general remarks upon the merits and 
use of pins for connecting pieces of timber. 

While it is readily admitted that the plank lattice 
girder, put together exclusively with woi»deu pins, an- 
swered an excellent purpose in afibrding cheap and 
serviceable bridges in this country when timber was 
abundant, and the iron manufacture in its infancy, it 
is nevertheless believed that the use of wooden pins in 
bridge construction, is not destined to a long continu* 
ance. Where pins are required in wooden bridge 
work, it is thought that iron may be used with a de- 
cided advantage over wood — not in the lattice bridge 
of the usual form, composed of a great number of dia* 
gonals, and a legion of connecting pins ; but in a modi- 
lied form (as in Figures 18 and 19), with a greatly 
reduced number of pieces, and points of connection. 

Wooden pins for the purpose under consideration, 
do not possess sufficient strength in proportion to the 
surface, unless made so large as to require too much 
cutting of the timber. Moreover, the action upon the 
pin tends to crush it laterally, in which direction the 
hardest timbers available for pins, scarcely ofier as 
much resistance as the ends of fibres to which they are 
opposed. 

• 86 
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Where pieces are connected with their fibres paral- 
lel, wooden pins or keys with cross-sections elongated 
in the direction of the grain, to give them the necessary 
strength, may be employed without too much cutting 
of the timber. But, as just remarked, the key is liable 
to yield before the cut ends of the fibres are taxed to 
their full capacity. It is therefore poorly adapted to 
the purpose in any case where great strength is required. 
Moreover, when the pieces to be connected are placed 
across one another, the hole will not admit of elonga- 
tion without too much cutting of at least one of the 
pieces. 

If it be required to connect a piece by a pin between 
two other pieces as seen in Fig, 55, upper diagram, 
the pin, as already seen, should be strong enough to 
bear as much strain as the opposed surface can sustain. 
Now, we have seen that this can scarcely be done by 
wooden pins. Still if sufficiently stifi*, they may yield 
somewhat to compression, without material loss of 
strength. 

Taking the transverse strength of pin timber at 
800B)s. to the inch, with leverage equal to diameter, 
the expression 4 x SOOarf -*- f (a representing the cross- 
section, (/, the diameter, and /, the length of pin, be- 
tween centres of outside bearings), gives the amount 
which the pin will bear in the middle. 

Now, the two outside pieces, having each half the 
thickness of the centre one,* I must equal IJ times 
the thickness (0, of the middle piece ; while the effect 

* The outside Uearincrs may be regarded as concentrated at the centres 
J T fc i- ^ % of thickness of the pieces, while the stress 

r3P : > ••• K^ Qf ^])Q p^ iji ^]^e centre, is the same as if 

the force exerted by the middle timber, 
were concentrated half and half at the 

2 centres of the two halves of the piece ; see 
diagram. 
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of the force exerted by said middle piece, is two-thirds 
of what the same force would produce, if concentrated 
ill the middle of the pin, and couseqaently, the pin 
will bear 50 per C. more. Hence, we have 4xl^x 
800ad-4- 1J<,= 1200ad-4-^,« strength of the pin. 

But the opposed surface will bear l,OOO^d; and put* 
ting this expression equal to the former, and deducing 
the value of dy in terms of i^ it will show the smallest 
diameter of a wooden pin, strong enough to bear as 
much as the opposed surface. This equation gives 
rf = 1.03^;t whence, it appears that the wooden pin 
should be 3 per C. greater in diameter than the thick- 
ness of the middle timber. 

In the same manner, the strength of an iron pin in 
the same circumstances, is respresented by 4xl| 
x5,000arf -T- l\t, = 20,000ad -^ ^ which made equal to 
1,000^, gives d » 0.252^, hence, the most economical 
diameter for an iron pin in fastening one piece between 
two others, is about |th the thickness of the middle 
piece; i. e., taking the stiffness of a round pin at 
6,000tt>s. But reducing it to 4,600&>8. as proposed in 
another place [xcviii], it gives d ■» 0.266< ; whence, 
even upon this basis, it will be safe in practice to make 
d ■» \ij and the whole length of pin =■ 2<, so that it may 
extend into the outside pieces to the extent of half the 
thickness of the middle piece. 

Since the outside pieces (Fig. 55), require half the 
thickness of the middle piece, and the pin requires a 
diameter equal io\t^\ the thickness of outside pieces, 
it follows that in pinning or spiking a plank or timber 
to the outside of a thicker piece, the pin or spike should 

f Dividing the equation IdOJoiM-^ —1,000^(2, bj lOOd and multiply 
ing by t, ffive 12a — 10«». But ISo--- 12x .7854i?, — 9.4348d", — 10««. 

whence, d" — \.m\t\ and d— \/1.061f' — 1.08<. 
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have half the thickness of the piece attached, that it 
maj not bend with lees force than the ends of the 
severed fibres can bear ; and should extend into the 
thicker timber at least 6 times its diameter. For, as 

Fio. 66. 



C 



3C 




1 




the inner portion of the pin or spike, must act upon 
the wood in the same direction as the part through the 
attached piece, it requires the same amount of surface 
to act upon, while the intermediate portion requires a 
surface equal to that acting upon the two end portions. 
And, even in this condition, the pressure is not uniform 
upon all parts of the length of the pin, since there is a 
neutral point, as represented by the upper dotted line 
(lower diagram, Fig. 55), where the pressure changes 
from one side to the other, and, near this point, must 
be very light in both directions. Hence, for the most 
perfect results, in such cases, the pin should probably 
enter the thicker timber to a distance of 7 or 8 times 
the diameter of the pin. 

When the end bearings of the pin act transversely 
to the grain, they require at least 50 per C. more ex- 
tent of bearing, or even twice as much, when practica- 
ble. At 60 per C. f ■= If <, and the effect of the pressure 
exerted by the middle piece, is fths that of the same 
force at the centre of the pin. The equation for the 
proper diameter of the pin, then, is 4xJx5,000arf-*-li< 
= 1,000/d ; whence, d « 0.283^, and length of pin -a21t 



Wooden Bridges — Splicing. 285 



Splicing. 

CXLVI. The term splicing^ as applied to timber 
work, may be defined to be the nniting of two pieces 
of timber by their end portions, so as to form (in figure) 
a continuous timber upon a straight axis. 

The splicing of timber to withstand a thrust action, 
requires only the meeting of the squared ends of pieces ; 
or, a half lap, formed by removing the half of each for 
a foot or two, more or less, from the end, and- lapping 
the remaining halves, so as to have the extreme end of 
each, meet the shoulder of the other. 

But the splicing of pieces to withstand tension, ob- 
viously requires a more complicated process; and, 
from what has already been said, [cxlivJ it is clear 
that only a part of the absolute section can be made 
available to withstand a tensile strain. 

Fig. 56. 




In Fig. 56, we have the profile of a lock splice, by 
which one-third of the section is available for tension ; 
the depth of the locking being equal to one-third of 
the thickness of timber. Now, that the locking may 
not split ofiT, we have seen that the lap should extend 
10 times the depth of lock, each way, making a lap of 
6f times the thickness of the timbers. 

By slanting the timber to a thickness at the end equal 
to that in the neck of the lock, we lose none of the 
cleavage required to split off the hook, while we gain 
in amount of section where it is required for bolt holes 
to secure the splicing. Otherwise, the bolt holes would 
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reduce the available sectiou below one-third of the 
whole. 

It is proper to observe with regard to this splice, 
and also the succeeding one, that the power being ap- 
plied upon the reversed shoulder, or hook, out of the 
line of the unbroken fibres which resist the power, 
the tendency is to throw the ends outward, and pro- 
duce a degree of lateral action, which weakens the 
timber to a somewhat greater degree than in proportion 
to the amount of fibres severed. 

Fig. 57. 




With a double lock splice, as in Fig. 57, one-half of 
the section is available. This requires a lap of 10 times 
the thickness of the timber. 

By three lockings upon the same principle, f of the 
fibres may be utilized for tension, with a lap of 12 
thicknesses (or 12^.), and, by a lap 18}^, we make two- 
thirds of the fibres available. Finally, by a lap of 20/. 
and an infinite number of lockings the whole cross- 
section would be available. 

But this, of course, is a point not attainable in prac- 
tice. From I to § — say an average of J, is as much 
as can be reckoned on, and about as much as can usually 
be made available for tension, at the end connections 
of a single timber. 

Splicing may also be effected by a plain scarf, with 
bolting, pinning and spiking, as indicated in Fig. 58. 
With bolts, pins and spikes properly arranged and pro- 
portionedy a strong splice may be formed in this 
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manner, with a less lap than what^s required in the 
lock splice. In this case the fastenings should pass 




through at right angles with the planeof the joint, that 
they may not be slackened by a slight yielding of the 
timber to pressure, in the holes. This, however, is a 
device which will probably, seldom be resorted to in 
bridge construction. 

Timbers may also be shackled together end to end 
by iron bolts and straps, as shewn in Fig. 59. The ag- 
gregate cross-section of straps should be about 1 square 
inch to each 10 to 15 thousand pounds of strain which 
the splice is intended to bear; and the diameter of 
bolts fastening the straps, about one-fifth of the thick- 
ness of timber, to secure the greatest eifect for the 
amount of section destroyed in cutting the bolt hole. 
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To connect two timbers 10x12 inches, so as make 
half of the fibres available for tension, we may take 6 
straps 2 feet long from hole to hole, and containing a 
cross-section of about 1 square inch, each. Also 6 
bolts of 2'' in diameter, and arrange the straps and 
bolts as shown in the figure, the straps being placed 
upon the 12" sides. This will cost, say for 170Ibs. of 
iron at Tcts., $11.90. 
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The expense of a%^oiible lock splice (Fig. 57), will 

be aboat 7 cubic ft of waste timber, $3.50 

40&8. of iron bolts, washers and plates,... 2.80 
Labor in fitting the timbers, saj, 1. 

Total, $7.80. 

showing the shackle connection to be from 4 to 5 dol- 
lars the more expensive. 

Construction of Woodbn Trusses. 

OLVU. With a thorough comprehension of the 
power of timber to resist the various kinds of strain to 
which it may be liable in bridges, and other timber 
structures, and of the general principles of forming 
connections ui timber work, as attempted to be ex- 
plained and set forth in the last few preceding pages ; 
and a knowledge of the general forms of arrangement 
for the several members in bridge trusses, or girders, 
and of the manner of computing the stresses to which 
the several pnrts are liable to be subjected, as treated 
of in the first 100 pages or so, of this work, the details 
of practical construction of wooden truss bridges may 
be intelligently entered upon. 

]!7othing more elaborate will be here undertaken, 
than a reference to general forms of trussing suitable 
for wooden bridges of different spans, and a descrip- 
tion of what seem to be the most feasible methods of 
forming connections at peculiar and specific points. 

The method pursued will be, to proceed from the 
shorter spans, and more simple combinations, to struct- 
ures of greater length, and requiring a greater number 
and a more complex arrangements of parts. 



Wooden BaioaBS. 



289 



' 



Two Panel Trussks. 

CLVni. The form presented in Fig. 3, with rafter 
braces ad and rfc, and a tie or chord ac, together with 
an iron tension member db (in 1 or 2 pieces), is proba- 
bly the best adapted to bridges from 20 to 25 feet in 
length. The braces should meet with a vertical joint 
at d (Fig. 3), and toe into the chord tie with two head- 
ingSy and one or two small bolts, as in Fig. 60. 

Fia. 60. 




Assuming the brace to be capable of sustaining a 
thrust of 500&>s. to the inch of section, and the heading 
lyOOOftSy to the inch, the aggregate depth of heading, 
a/, and dey should be one-half the depth c6, of the brace ; 
and, the point /, should fall below the point d, by 
y\^ o^ so as to give a length of cleavage /A, ^ lOaf or 
10 dK The shoulder cfe, then, should be, 

(1),... de ^ieb—^ad, mm ^eb — ^ab + ^db. 

We here speak of a (2 6 as a straight horizontal line, 
not shown. This is regarding af as equal to the verti- 
cal depth of cut at (if; which will be sufficiently near 
the truth for our present purpose, provided the brace 
be not very steep. 

But {2)j...de^db. sin. dbe^ ^db. sin. cab. 

37 
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aDd, putting this valae of ^ equal to the one above, 

and changing vulgar to decimal fractions, we have, 
(8), ..db. sin. cah^ 0.5 eb — O.lab + 0.1^« 

Then, transposing, and uniting co-efficients of db. 
(4.). ..(sin. cab — O.l) db ^O.&cb — 0.1a6, whence, 

fK\ ^k OS d> — 0.1 aft 
l^)»--a«>— Bm.ca6-0.1 

Now, from equation (2) we derive db^ ^Y^etOr ^^^^^ 
value of db being substituted in equation (5), we have 

(6)» ••• ira " sJ^ir-^ whence, multiplying by 
Bin. cab, we derive, 

""0.1 



(7),... de - O'g^-g-^^^ Then, substituting for oft, its 



aixL cab 

equal, jj^^^ the last equation becomes, 

A«^ 0.1 gft / n» 0.1 ^^ 

/Q\ 1^ un cab \ sm. caoj 

(8),...rfe- ^^ - 0.1 

8 1. 006 Bin. cab 

Making the angle cab « 26^83^', which is regarded 
as a suitable inclination for the brace, being one, ver- 
tical, and two, horizontal reach, sin. cab ■■ 0.447, which 
substituted in (8), gives de ^ .356 c6, and af^ .144^6. 

This, it will be recollected, is deduced upon the 
supposition that the brace will sustain a compression 
of 500tt>3« to the inch, and no more ; which will depend 
upon the length as compared with the least diameter. 
If the brace be capable of bearing with safety, more or 
less than 500&>s. to the inch, the heading, or butting 
surface should be more or less than half the area of 
cross-section, in like proportion. For, if unnecessarily 
large, it requires too much cutting of the chord, and 
if too small, the pressure upon abutting surfaces be- 
comes too great. 

With the inclination of brace above assumed, the 
compression upon the brace obviously equals the weight 
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sustained mQltiplied by \/5 ; and, for a rail road bridge, 
at 1| tons to^the lineal foot, the weight upon each 
brace, will be 6,250Ib8. =■ ^w ; or say, J (u; + u?') a. 
7,600ft8, This by ^5, gives 16,770S>s. — thrust of 
brace, while 15,000fibs. — tension of chord. Now, at* 
SOOIbs. to the square inch of gross section, the chord 
requires SO square inches, and the brace 83^ inchesy 
being a little less than 6^' square. But the length of 
brace being about lift, or 22 diameters of a 6'^ stick, 
we find by the table [gxli], the brace is only capable 
of bearing 416fi>3. to the inch. Hence, with a 6^' least 
diameter, a section of 40.3 inches, or nearly 6'' x T\ 
becomes necessary. Still the butting surface required 
is only 16.77 square inches — /t little less than 2^^' depth 
(at right angles with the brace), by 7^' in width. 

This 2^ inches in depth may be divided between the 
two shoulders at a and dy in any manner that will leave 
a length of cleavage from a to the end of the chord 
equal to 10 a/", or more strictly 10 afx cos. ca6, which 
equals the vertical depth of cut at/. But the line df^ 
should preserve a descent, equal to ^th of its length. 

The depth of shoulder being thus reduced from ^cb 
(« S'' in this case), to 2Y% de is diminished in the same 
degree, and from .356e6, becomes |x.336c*6 «■ .2966c6 ; 
and, substituting 6'^ for c6, we have de^l.78 inches. 
In the meantime a/ becomes {x. 141(^6, » .72". 

The vertical depth of cut for de^ ■» 1.78", is 1.7ftxco8, 
cab, — 1.78 X. 894, — 1.59". Add to this the vertical cut 
at/, equal to .642^' and it makes 2.233", — aggregate 
vertical depth of cut in the chord, whence the distance 
eg should be 22.83 inches, to afford the necessary re- 
sistance to cleavage. 

Now, we require in the chord 15 square inches of 
nnsevered fibre, to withstand the horizontal thrust of 
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the brace while we require, as seen above, 1.59X 
7 » 11.13 iaches to be cat away to foua foothold for 
brace, makiDg aggregate eection of chord ■» 15+11.13 
-8 26.13 sqr. inches, equal to about T' X 3f", bj strict 
• computation. 

Timbers so small, however, although capable of sus- 
taining, without excessive stress, any action to which 
a bridge is legitimately exposed, is not to be recom- 
mended in practice, as the structures might be de- 
stroyed by casualties which would but slightly affect 
the large timbers required in heavier and longer struct- 
tures. 

The centre of bearing of the truss upon the abut- 
ment, should be directly under the point i, at the 
meeting of central axes of the brace, and the unsevered 
portion of the chord. Otherwise, an injurious lateral 
strain would result to the chord at its weakest point 

The tran8ver3e beam at the centre of the truss, may 
be placed above the chord or below, as preferred, and 

sustained by 2 suspension bolts descend- 
ing divergently from a saddle, or double 
washer at the vertex of the braces, pass- 
ing through the beam, and secured by 
niits and washers upon the under side of 
the beam, as shown in Fig. 61. The 
divergence of bolts should be from |th 
to Jth their length, and the section of 
bolts, a trifle more than what is required 
simply to sustain the weight, as they may 
act unequally, in consequence of a small 
lateral tendency of the braces. 

A small bolt should pass vertically 

through chord and beam, to preserve 

them in placo* Also, a small bolster, or corbel block 
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^^ • 

(/. Fig. 60 and 61), under the chord at the end, affords 

some protection at the weak point in the chord. 

A pair of horizontal x braces in each panel, between 
earn and abutments, or plate timbers upon abutments, 
are required to produce lateral steadiness in the struc- 
ture. 

The idea of constructing the trusses of a rail road 
bridge, even of 20' span, of 6" timbers, to persons in 
the habit of seeing such bridges constructed with tim- 
bers 10 or 12 inches square, will undoubtedly suggest 
visions of catastrophe, courts and coroners ; and, in 
view of liability to casualty, fretting at joints, and per- 
haps surface decay, it may be advisable to use in such 
Btructures, timbers somewhat larger than the above 
computations indicate as sufficient to withstand deter- 
minate forces. 

But, as an instance of what strength may be obtained 
with very small timbers, properly proportioned and 
put together, it may be here stated that a model of a 
20 feet truss, upon a scale of 1 to 12, constructed as 
above explained, of J" x ^i^" braces and chord, bore 
without material injury, S50&S. at the centre, equiva- 
lent to TOOfcs. distributed, and representing 700x144 
= 100,800fl)s. upon one truss, or over 100 net tons upon 
a 20 feet bridge ; being some four times as mucn as a 
single track rail road bridge of that span is usually 
subjected to* 

With regard to the proper size of transverse beam, 

the formula (see rule [ctlii]), M552£ — W, (a represent- 
ing area of section, d, depth of beam, ?, length between 
supports, and W, the load in the centre), gives a -« 

j^^. Then, assuming Z - 15', W = 7,5008)8. (- 
15,000&>s. distributed), and d »■ 14" ; we have a «> 
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fmxW " *^** ®^""^ ^^^^^ ' ^^^^ divided by deptk 
(d)^ iu inches, gives thickness (<), « 7 inches nearly. 
Or the formula i « t-^Li gives the required thickn 
directly. But in this case, I and {f must express length 
and depth in inches^ since the co-efficient of d (1,000) 
refers to square inches of section. Otherwise, the co- 
efficient must be multiplied by 144 to make it refer to 
the square foot of section ; in which latter case the 
value of t will be obtained in feet. 

In the case of beams to sustain rail road track, we 
may let P — length of beam exclusive of the portion 
between rails, and W ^ weight upon the 2 rails. If 
V - 120" and W - 25,000fts., and d ^ 14" the above 

formula becomes, i - ?^^ - »^ - 15.8 in. 

Three Panel Truss* 

CLIX. A three panel truss bridge of wood may be 
constructed upon the plan shown in outline by Fig. 7. 
The main braces a6and a'l/ may connect with the chord 
in the same manner as in the two panel truss described 
in the last section, and illustrated by Fig. 60; while 
the lyper end may be square, and the whole bevel to 
form the angle abb'y given to the member bl/. Or, the 
bevel may be upon both members ; in which case the 
saddle plates at b and b' should extend over the joint, 
so as to throw a part of the weight directly upon the 
brace. In case the bevel be all upon bb\ the saddle 
need not bear upon the brace. 

The 'counter braces in the middle panel may box 
into the chord and the horizontal bb\ in the manner 
shown in Fig. 62, either by the black or the dotted 
lines ; the upper end of the counter toeing against the 
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end of the main brace, when the form of connection 
shown by the black line is used. 

As the coanter braces cross, or meet in the centre of 
the panel, one may be in two pieces thrusting into the 
other as at c Fig. 62 ; or one member may be in two 
full length pieces, and the other a single brace between 
the former, of such width vertically, as to possess the 
required cross-section ; say 2J" x 6" for the outaide, 
and 4 X 8 for the middle one, and the whole connected 
by a small transverse bolt at the crossing. 

FiQ. 62. 




The stresses of the several parts of the truss may be 
determined in the manner explained in section xviii, 
and the timbers proportioned accordingly, and in con- 
formity to rules in relation to strength of timber [oxl 
and oxLi]. For a truss of 80 feet to carry a gross load 
of 15,000fibs. to the panel, with a horizontal reach of 
brace equal to twice the vertical — chord and " strain- 
ing beam," (66', Fig. 7), should be 7" deep x 9'' wide ; 
main braces 8" X 9". Counter-braces being subject to 
only one-third of the movable panel load, may properly 
be 4 X 8 or 5 X 6, if one be severed at the crossing, or 
as above specified, if one member be in 2 full length 
pieces. 

Two counter-braces might cross one another side by 
side, but this would not produce a well balanced action. 
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Bridges of this length of span are, moreover, often 
built with counter braces omitted, for common road 
purposes. But such practice is defective, unless extra 
depth of section be given to the lower chord, so that 
its stiffness may transfer a portion of weight over the 
quadrangular middle panel ; and in no case is it ad- 
visable to dispense with counter braces in a rail road 
bridge of three panels. 

Beams may be suspended by divergent bolts as in 
Fig. 61, and bolted to the chord; while horizontal x 
ties or braces, as may be preferred, in each panel will 
prevent lateral swaying of the structure. 

The above is probably the simplest and best plan of 
wooden truss for bridges of 80 to 85 feet span. 



FouB AND Six Panel Trusses. 

CLX. The same general arrangement, with the same 
kind of connections, in trusses of 4 or 6 panels, accord- 
ing to length of span, may be used with good effect 
for common road purposes, in any length up to 70 or 
80 feet. In such cases, each panel should have one 
main brace, and counter braces may be entirely omitted; 
as the partial movable load is seldom so great as to 
neutralize the action of weight of structure upon the 
main braces. 

In the 6 panel truss, the movable must exceed the 
permanent panel load upon the two beams next either 
end, with no movable load upon the other beams, in 
order to neutralize the constant tendency to action 
upon the central pair of main braces. This is obvious 
from the fact that the greatest tendency to tension action 
upon the latter, is 8u/\ «■ Ju?, while the permonent load 
gives a constant opposite tendency, equal to Jio'. 
Should such cases occur, the transverse stiffness of 
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both upper and low chords must be 
overcome before a collapse could 
take place. In the case of iron 
trusses, the chords are supposed to 
have no lateral stiffness at the 
nodes; consequeutly,counterbraceSy 
or ties, as the case may be, are al- 
ways necessary in one or two panels 
each side of the centre. 

Fig. 68 represents a Six Panel 
truss, as arranged and recommended 
by the author 16 or 18 years ago, 
and adopted by the Canal depart- 
ment of the State of New York, 
for farm and country road crossings 

Lover the State canals, upon which 
several hundreds of them are in use. 

The arrangement of uppef and 
lower chord timbers, and the diver- 
gent suspension rods, to maintain 
the erect position of trusses, as well 
a^ the assignment of correct pro- 
portions to all the parts throughout, 
are believed to have originated with 
the author of this work. 

The lower and longer portion of 
the bottom chord, is usually in two 
f^ pieces, spliced with double locking 
and bolting (see Fig. 57), over the 
centre beam. Transfer blocks are 
also inserted between upper and 
lower timbers, to transfer a part of 
the stress of thQ longer to the 
shorter portion, and thus diminish 
the strain at the splicing. 
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The long portion of the upper chord may also be 
in two pieces meeting with squared ends, or with a 
plain half lap, of a foot or so. Transfer blocks or 
packing pieces and bolts should likewise be inserted as 
indicated in the figure. 

The dimensions of the several members, of course, 
will depend upon the length and depth of truss, and 
the load it is required to bear. It is seen bj pro- 
cesses explained heretofore [xL and Lin], that the 
portion of chord under the triangular end panels, and 
also the endmost sections of the upper chord, are liable 

to action equal to 2JW-, in which expression W — 

W'\'Vf^ h » the horizontal, and v « the vertical reach 
of braces. The next sections (top and bottom), are 

liable to 4W-, and the lower chord under the two 
middle panels, to 4^W-. 



The end braces are liable to 2 J W \/A* + o* -*- r, the 
next braces, to {lOu/'+llu/) \/A»"+l? -i- r, and the 
middle ones, to (6i£/'+ Jm/) \/W+^ -*- v ; while the 
verticals are exposed to 2^W for the endmost, IW for 
the middle, and 10 u;" + IJm/ for the intermediates. 

Kow, we have only to assign specific values to to and 
u/y and to A and v, in order to obtain the actual maxi- 
mum stresses the several parts are liable to, from the 
general expressions just found. 

Let h B 12^, and v^7'; which, though not an eco- 
nomical proportion, as we have seen [lxiv], may be 
admissible for bridges of light burthens, giving a better 
appearance, and the structure being less top heavy. 

The weight of a light superstructure of this descrip- 
tion, is 18 or 20 tons — say, w' «■ 3,000&>s. Then, as- 
suming w » 6,000&>s. which will be sufficient for the 
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lighter class ofprivate and country bridges. Then,- — 

V « 1,714, and v'tfTl?-*- v - 1.984. 

Substituting these values in the above expressions 
for stresses, we have 2^ x 9,000 X 1.714, = 38,565, = 
tension of end section of bottom chord. For the next 
section, 4 X 9,000 X 1,714 = 61,704fts. ; and, for the 
two middle sections, 69,417]bs. ; while the compression 
of the two portions of the upper chord, is 88,565&>s.y 
for the end, and 61,704S>3., for the middle sections. 

The maximum compression of the three sets of 
braces, is 44,653 for the ends, 14,880 for the middle 
ones, and 28,760 for the intermediates. 

The tension of suspension bolts, is, at the maximum, 
for the endmost 22,500, for the middle ones, 9,000 
( a W), and for the intermediates 14,500. 

The main portion of the lower chord, requires a lap 
at the splice, equal to 10 times its depth, [cxlvi.] 
Hence, the less depth, the less waste in splicing, and 
the more lateral- stiffness of truss. But this also in- 
volves greater required section in the lighter braces, 
which become too thin, vertically, to act with advantage 
under compression. 

There is no ready means of determining the exact 
optimum in the ratio of depth to width of timbers in 
this case ; and we shall not err greatly by assuming a 
ratio of width to depth as 3 to 2, or as 4 to 8 ; neither 
to be rigidly adhered to. 

The bottom chord mav suffer tension in the second 
panel, equal to nearly 62,000fi>s., requiring 62 inches 
of net section ; while the second brace has a maximum 
horizontal thrust of nearly 25,000fi>s., requiring the 
severing of 25 inches, whence this part of the chord 
should have a gross section of 62 + 25, « 87 inches. 
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chords, seems to be merely one of economy and con- 
venience. If suitable timbers for chords can be readily 
and reasonably obtained, it is thought to be quite as 
advantageous to use wooden chords. 

The Howb Bridge. 

CLXn. A very popular plan of wooden bridges, 
which has, in fact, superseded most others in New York 
and New England for rail-road purposes from the time 
of the introduction of the rail road system, is known 
as the Howe Bridge. 

The trusses have upper and lower parallel chords, 
together with main and counter braces, of wood, tied 
vertically by wrought iron tension rods from chord to 
chord, the principle of action being the same as in the 
plan shown in Fig. 68. 

The braces act upon the chords and verticals through 
the medium of cast iron shoes or skewbacks, with ribs 
or flanges let into the chords to a sufficient depth to 
sustain the horizontal thrust of braces, and with tubes, 
or hollow processes, square externally, and having 
round holes to receive the vertical bolts. These tubes 
project downward through the lower, and upward 
through upper chord, between the courses of timber 
composing the chord, being boxed into the timber on 
each side of the tube, so as to leave about an inch be- 
tween adjacent courses for ventilation; the tubes, ex- 
tending through the chords, reach an iron plate upon 
the opposite side, which serves as a washer, or bearing 
for the nuts of the suspension bolts. 

By this means the vertical action of braces is brought 
directly upon the verticals, without a transverse crush- 
ing action upon the chord timbers. 
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The chords are formed of 8 or 4 courses of timber 
side by side, with a depth equal to two or three times 
the thickness; the joints in the several courses being 
so distributed that no two courses may have a joint in 
the same panel when avoidable. 

Pig. 64, represents a side view in the upper, and a 
top view in the lower diagram, of a portion of the bot- 

Fio. 64. 




torn chord. At t is represented a view of the tube of 
the skewbackas it would appear with the outside chord 
timber removed ; at m m, the seats of the main braces, 
and Cy the seat of the counter brace. Over a, is a 
clamp, or lock piece, and bb' are transfer blocks, or 
packing pieces, to secure the joint, and transfer the 
strain from one to another of the chord timbers. The 
transfer blocks may be placed obliquely as at 6, or 
straight, as at b^. The latter is the more usual, but 
the former leaves the greater section of timber at the 
point where the bolt holes occur. 

The braces tire usually placed with a horizontal about 
half as great as the vertical reach, and extending across 
one panel only. Counter braces used throughout, and 
the upper cliord made of equal leugth with the lower, 
giving the truss a rectangular, instead of a Trape- 
zoidal form. 
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NoWy it is obvious that in a rectangular trust, as 
represented in Fig. 52, the end posts, and one panel- 
length of the upper chord at each end, as well as one 
counter-brace, are entirely useless, as it regards sus- 
taining weight of structure and load. It will readily 
be seen, moreover, that no counter-braces except those 
of the two middle panels, in the 8 panel truss. Fig. 52, 
have any sustaining action, unless the variable exceed 
4 times the permanent load of the truss. 

It is furthermore manifest that there is a large 
amount of surplus material in the portions of lower 
chord toward the ends ; the tension of that chord being 
in the several panels, proceding from the end (in the 
case of Fig. 52), as 8j^, 6, 7^ and 8. Hence, over one- 
fifth of the material in a chord of uniform section, is in 
excess. 

But the greatest sacrifice of economy in the Howe 
Bridge as usually construcie/ij results from the steep pitch 
of the braces. For, while, as was seen [lxvi], braces 
act with about the same ecbnomy at an inclination 
giving a horizontal reach equal to the vertical, as when 
the ffirmer equals only one-half of the latter, that is, 
with A B r and h » ^i;, it was shown in the succeeding 
section, that the action upon verticals was nearly twice 
as great in the latter, as in the former case. For in- 
stance, suppose Fig. 18 to represent a 16 panel truss, 
with thrust braces and tension verticals. Estimating 
successively the action upon verticals with diagonals 
crossing two panels, as in Fig. 18, and the 'same with 
diagonals crossing but one panel, we find the action 
over 85 per cent more in the latter than in the former 
case. 

With regard to chords, the horizontal effect is essen- 
tially the same in both cases, while the vertical thrust 
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of braces, being but little over half as great with the 
long, as with the short horizontal reach, may be sus- 
tained by the timber of the chord, thus obviating the 
necessity of tubes extending through the chord from 
the cast iron skewback; and furthermore, may enable 
the iron shoe to be dispensed with altogether, in many 
cases. Hence would result a still further saving in ex- 
pense, as well as in weight of structure. 

Take, for example a brace 10" square, capable of 
resisting a tnrust of 50,OOOB)s. in the direction of its 
length, and a vertical pressure of 85,000Bbs. when in- 
clined at 45®. Whether the end be cut as at rf, ^, or/ 
(Fig. 64); it covere a horizontal area of 141 square 
inches, giving a square inch for every 250ft)3. of vertical 
pressure. This does not much, if any, exceed the ca- 
pacity of timber for resisting transverse crushing, as 
estimated in section cxliii, when acting upon a portion 
of surface so limited with respect to the whole. 

Perhaps, however, the propriety of dispensing with 
the iron shoe, should not be too strenuously urged. 
But there seems to be little excuse for incurring the 
sacrifice of iron required in suspension bolts in case of 
the steep braces, over what is required with the greater 
inclination. The interference of bolts with braces, 
when the latter reach across two panels, is perhaps the 
greatest obstacle in the way of adopting the latter ar- 
rangement ; and this may be managed by either pass- 
ing the bolts through the intervening braces (which 
does not materially impair their strength, when sup- 
ported at intervals by counter-braces), ^or between 
main and counter braces, as may seem most favorable 
in respective cases, 

In view of the above considerations, the author can 
not avoid regarding the usual praetiee in the construc- 
tion of Howe Bridges, as decidedly fiEiulty. 

S9 
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Trapezoid without Verticals.* 

CLXni. This form of trass, Figs, 18, 15 andl9,haa 
been shown [xliy, &c.], to be liable to a less amount 
of action upon materials, in sustaining a given load 
under like general conditions, than any of the other 
forms analyzed in this work ; and this advantage may 
be made practically available in wooden bridge con- 
struction, by a system of chords and diagonals con- 
nected by transverse iron bolts and pins at the nodes 
of upper and lower chords. 

The lower chords should be proportioned in their 
several parts, nearly in accordance with the stresses to 
which such parts are liable. This may be accomplished 
by a pair of parallel courses of timber of uniform sec- 
tion upon the outsides of the chord from end to end, 
placed at such distance asunder as to admit the ends 
of diagonals between them, and also, to admit of addi- 
tional courses of chord timbers upon the inside of the 
former, to be introduced as required toward the centre, 
to give in each panel a section of chord, proportional 
to the computed strain for such part. 

The pieces composing the several courses, may 
be spliced with the double lock. Fig. 57, usually with 
the centre of the splice at the nodes, or connecting 
points of chords with diagonals ; no two splices in the 
same half-chord to occur at the same node. 

The upper chord should be increased in section by 
enlargement of the section rather than the. number of 
courses. Or, in some cases, timbers may taper in 
thickness toward the ends of chords, either upper or 

* The characteristic of this truss, is not that strictly speaking it has 
no vertical members, bat that there is no ^neral alternate transfer ol 
weight from diagonals to verticals, and the contrary. 
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lower. For instancey if 6" in thickness be sufficient 
in the end panel, and 7" be required in the next, a 
timber extending over the width of two panels, 6^' at 
the smaller, and 8^' at the larger end, will answer the 
requirement with perhaps less waste of timber and 
labor than would suffice under a different arrangement. 
But such matters most be left to the judgment of the 
designer. 

The upper chord acting by compression, the timbers 
may be connected by a half-lap of 1| or 2 feet at the 
nodes, where the main connecting bolts will secure 
the ends. 

The diagonals which act principally by compression 
(represented as the narrower ones in Figs. 66 and 66), 
may be in pairs, while those mostly exposed to tension 
(the wider ones), may be single, and placed between 
the former. Thus usually three pieces are united at 
each node. 

Fia. 65. 




In some cases where the thickness of diagonals ex- 
ceeds the space between half-chords, the thrust dia- 
gonals may be shouldered to fit a boxing upon the in- 
side of the chord ; as by either of the vertical dotted 
lines. Fig. 65. Sometimes also, the boxing may ex- 
tend through the whole depth of the chord, so as to 
require no cutting of the diagonal; and again, the 
thickness of the diagonals may be reduced in the parts 
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between chords, and no catting of chord timbers re- 
quired. 

When cutting of timbers becomes necessary for pur- 
poses as above, it should be in the parts where the 
greater surplus over the necessary net section occurs, 
whether in chord or diagonals. Every part should 
have a square inch of net available section for each 
l)000fts. of tension, and a square inch of bearing npon 
bolt, pin, or shoulder, for each l,000&>s. of either ten- 
sion or thrust to. which the part is liable ; and the. 
bearing upon bolts and pins should be estimated as^ 
equal to the diameter multiplied by the length of hole, 
through the piece ; or, equal to the section of timber 
severed by the hole. 

CL2ULV. Fig. 66 is a general representation of the . 
half of an 8 panel truss, suitable for a 100 foot commoa 
road bridge. Let v » 14', m distance between centrea. 
of upper and lower chords, and A » 12^', a horizontal 
width of panel. Then, assuming w » 10,000fi>s. 
(« movable panel load), and w^ = 4,000fi>s. (= perma- 
nent panel load), we have - = .898 (nearly), and D » 

18.77' ■■ length of diagonal ; whence, — =« 1.34; and, 

computing the stresses of the several parts and mem- 
bers by the process explained in sections [xliv, &c.,], 
the maximum vertical pressure at a equals 49,000S^ 
giving a longitudinal compression upon ai, equal to . 
65,660fi>s., and a tension upon a6, equal to 43,750fl>s. 

For the double member ai, 8^' X 9'' timbers are suf- 
ficient ; while 4'' x 12f' (in each half), vvould answer 
for ab. But to give greater transverse stiffness for 
supporting floor timbers, it is preferred to have the . 
outside course of lower chord timbers 5 x 12 inches. 
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The piece bf having no office bat to fill the apace at 
by and to give eopport to a t, may be of any convenient 
dimenaiona. 

The maximnm tenmon of other portions of the lower 
chord ifly for be, 56,250; for ed, 81,250, and for dtp 
93,750ft8. For the npper chord, we have compreasion 
of tA, hg and sf, 62,5099)8., 87,500ft., and 100,000ft8. re- 
apectively. 

The diagonals and verticals are liable to manmnm 
tension and compression as shown in the following 
statement ; and may properly be of dimensions as 
marked opposite each in the right hand column below ; 
in case of doable members, the figares indicate the 
width and thickness of each. 



Faiiu. 


Tension, ttw. 


Compreenon, fba. 


Croes-Seetion, inches. 


bi 


28,000 




doable 8 x 11 


ci 


28,140 




single 5 X 12 


dk 


20,485 




« 4 X 12 


«9 


12,730 


670 


" 8 X 11 


fd 


6,700 


6,700 


d. 8x 6 


yc 


670 


12,730 


" 8x 6 


hb 




20,425 


** ^x 7 


ia 




65,660 


« 8x9 



The inside coarse of lower chord timbers may be — 
a 4^^ X 12'' piece extending from d across the two mid- 
dle panels of the trass, spliced at each end to a taper- 
ing piece 4 X 12 at c2, and 2 x 12 at i ; and conseqaently, 
3 X 12 at c. Then, leaving a space of 8'' between half 
chords at d and e, we have W at c, and 12^' at i. 

Each half of the npper chord shonld be 8'' x 12^', in 
the two middle panels, and placed 9'^ apart ; connect- 
ing with a tapering piece each way, from 8 x 12 at jr. 
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to 6 X 12 at i; where the end should be beveled to a 
line bisecting the angle aihy and abat against a beveled 
sboulder upon the upper end of the king brace au 
The king brace is also cut away upon the inside, leav- 
^ing only V in thickness, to make up, with bi and u?, a 
thickness equal to the space (13'') between the half- 
chords at i« 

The parts thus meeting at i are to be fastened by 2 
transverse bolts of at least 2^' in diameter. These 
afford the requisite square inch of bearing surface for 
each l,OOOS>s. of pressure, with an unimportant de- 
ficiency for the member fc, which may be eked out with 
a V pin through bi and ic only, if thought advisable, 
thus giving 55 square inches for vertical and diagonal 
together. ^ 

These members should extend at least 14'' beyond 
the centres of holes. 

At h and jr, the three diagonal pieces just fill the 
space between chord timbers, and require at A, two 
bolts and one plain pin of If" in diameter, and at ^, 
the same number &c., of If" diameter. The diagram 
shows only two bolts at each connection. 

At the point /", where two pairs of braces meet, one 
pair may be cut off at the meeting, and a 4 by 6 inch 
piece introduced, lapping 2 feet between the cut pieces 
(reduced each | inch in thickness, inside, to the extent 
of the lap), and secured by 2 bolts and 1 pin of 1" 
diameter ; the upper end passing between the opposite 
braces, the latter being l)oxed ^" inside, to afford room 
for the 4" piece ; and the whole secured by a single 
If" or If" bolt through chord and braces. 

The connections at the lower chord are somewhat 
more complicated, but involve little difficulty. The 
best connection at a, is made by cutting a vertical 
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shoulder or heading i" deep, upon both sides of the 
half chord, as shown bj the vertical dotted line in the 
diagram A, Fig. 66; the brace being forked with 
counter shoulders upon the inside. This affords 86 
square inches of shoulder surface, which, assisted bj 2 ^ 
bolts of V diameter, give 50 square inches, to with- 
stand less than 44,000]bs. The end of the brace is 
thus made to bear directly upon the abutment without 
any crushing action upon the chord. 

At 6, the space in the chord is 12", while the verti- 
cals descending parallel, would occupy 11". But giv- 
ing a divergence of 2J", and boxing J" upon the inside 
of chord timbers, leaves a space of 6 J" between verti- 
cals at b. Then, boxing bh J" upon the inside at the 
crossing with ic, there will be a 3" space between 
braces bh at 6, and a thickness of 4^" (of tlie pieces bh) 
between the verticals bi ; also, a shoulder of 1 J" upon 
the outside, which may be made to act vertically in a 
boxing upon the inside of W, thus securing the requi- 
site bearing surface for the thrust of bh. Thus ar- 
ranged, the point should be fastened with 2 bolts and 
1 pin of If" diameter. 

The piece bj will have 3" in thickness at 6, and will 
be furred out, if necessary, to fill the space at J. 

The space at c is 10" ; and, eg being shouldered J" 
at the upper side of the chord at c, and boxed ^" at the 
crossing with hd^ the point c may be secured by 2 
bolts and 1 pin of 1 J" or 2" diameter. 

A I" boxing of c^ at d^ upon the inside, leaves a 
thickness of 9", being 1" greater than the space in the 
chord, and the pieces df therefore require a further re- 
duction in thickness upon the outside between chord 
timbers, of J" upon each. The point d, requires 1 J" 
bolts and pin. 
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The two single diagonals meeting at e, may be 
halved into one another at the crossing, and a 8x11 inch 
piece lapped and locked on to each, as shown 
F^^-^t' by a a in Fig.67 ; thus serving to fill the space 
in the chord, and to restore strength to the 
diagonals. The lap pieces are to be rednced 
to 2^'^ in thickness below the lock at L 
Two 1^'' bolts are sufficient at the point e. 

Transverse joists, or floor beams may 
be placed upon, or suspended below either 
the lower or upper chords. Sway bracing 
may be locked and bolted upon the upper 
chords, and iron x tie rods used at the lower 
chords ; the beam timbers being shouldered 
against the inside of cords, so as to strut 
them apart against the action of the ties. 

Angle braces from the king brace a/, to a transverse 
beam from truss to truss at f, will aid in preserving the 
erect position of trusses. These braces should usually 
be lapped and bolted at the ends, so as to act by either 
tension or thrust 

The preceding specifications, it is hoped, will serve 
to make the peculiarities of detail in the kind of truss 
under consideration, properly understood. . It may be 
deemed advisable to adopt the rectangular, instead of 
the Trapezoidal form of outline for the truss, by extend- 
ing the upper, to the same length with the lower chord, 
inserting vertical posts at the ends, and exchanging the 
double vertical frt, to a single diagonal meeting the up- 
per chord and end post at their point of junction ; thus 
simplifying the connections at b and u 

This modification, unlike the case of the tr&pezoidmih 
verticals, involves no increase in amount of action upon 
materials, though it increases the number of member^, 
and changes the manner of distribution of the action. 
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MODULUS OP STRENGTH, FOR BRIDGE 

TRUSSES. 

It is shown in preceding pages of this work, that, 
knowing by experiment the strength of the materiala 
to be employed, we may calculate the necessary cross- 
section of each part of a bridge trass, in order that it 
may sustain a given load, with a ^ven stress upon the 
materials. 

It is sometimes, however, a satisfaction to have a 
confirmation of the correctness of our calculations, by 
direct experiment upon the same combination com- 
plete, which we propose to employ for actual use. For 
this purpose, instead of applying the test to a full sized 
structure, which would involve a great deal of labor 
and expense, the test may be applied to a model, made 
in the true proportions, upon any scale. 

Kow, it is obvious that with the same combination 
and arrangement of members, the stresses, whether 
positive, negative or transverse, produced upon the 
several parts by the acting forces, will be in proportion, 
throughout, to the weight sustained, whatever be 
the length of pieces ; such stresses being determined by 
the positions and angles, and not by the lengths of 
pieces. 

It is further manifest that the ability of parts to 
withstand the effects of the acting forces, must be as 
the cross-sections of parts respectively ; and in similar 
modelSy the parts, being similar solid figures, have their 
cross-sections as the squares of the magnitude of scale 
upon which they are respectively constructed, while 
the bulk and weight of each corresponding part, and 
of the combinations complete, are as the cubes of the 
magnitude of scale. 
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Then, assuming two similar models, the scale of one 
being m times as great as that of the other, the weights 
which they will respectively bear, under the same 
stress of material, will be as W to Wm*, while their re- 
spective weights will be as 1 to m^ * 

Kow, dividing the sustaining power of each by its 

own weight,the quotients are as W toW -i or as W to 

— . But the lengths being as L to Lm, if we multiply 

the quotients just found by respective lengths, we have 
WL for the one, and Lm W -i- m, «■ WL for the other ; 
showing that the length of a model truss by the num- 
ber of times its own weight which it can bear (with a 
given stress), is a constant quantity, whatever be the 
scale of such model. 

Again, the quotients W, and — , multiplied by the 

w 
lengths L and Lm, give the products WL, and — X Lm, 

equal to WL. Hence, the product of a truss medal into 
the number of times its own weight which it is able 
to sustain, is also constant, whatever be the relative 
values of the two factors. 

It follows, that making these two factors variable, 
and representing them by Q and L, the one increases 
at the same rate at which the other is diminished ; and, 
when Q » 1, L must be equal to the greatest length 
at which a truss of the same plan and proportions, and 
under the same stress of materials, can sustain its own 
weight alone. 

This length, as we have seen, is determined for a 
model upon any plan, constructed upon whatever scale, 
by multiplying the length of model by the number of 
times its own weight it is capable of sustaining. 



816 fiRIDGE BuiLBINa. 

This product may be called the Modulus of Strength, 
and the plan of truss which gives the largest Modulus, 
may fairly be regarded as the strongest plan. 

The Modulus may refer either to the actnal break- 
ing load, as found by experiment^ or to the load pro- 
ducing givqn rates of strain upon materials, as 
determined by calculation. 

Examples. 

(1). A bar of cast iron 1 inch square and 12" between 
supports, Xrill bear (at 6,0008)8. to the inch of section, 
upon a leverage equal to depth of beam), a distributed 
load of 4,000ft>s. which divided by its weight, «» say 
S.12S)s. gives Q ^ 1250 ; and L being 1 foot, the Modu- 
lus — QL, = 1,250 feet. 

(2). A beam of pine timber 12' long and 6" square, 
at 1,500&>8. to the inch upon a leverage equal to depth, 
as above, bears a distributed load of 18,0001b8. [cxlh.] 
S'or the weight, say S cubic feet at SBBbs, = lOSfts. ; 

whence, Q « ^^ « 166.6, which multiplied by L 

(— 12') gives Modulus equal to 2,000 ft. 

By reducing the length of the beam just considered, 
to 6 feet in length, retaining the same section, it would 
give a Modulus of 4,000 feet, instead of 5,000, as given 
in the Appendix to my former work ; the diflference 
arising from the assumption of a smaller specific 
gravity for pine in the latter case. 

(3). The two panel model with chord and rafted 
braces, mentioned in the latter part of § [clviii], 20" 
long, and weighing 0.189b. supported a load equiva- 
lent to 8,885 times its Weight, while L » 1} feet; 
whence^ 8,885xlf » 6,475 feet, » its Modulus. 
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(4). A model wooden truss 4 feet long, made many 
years ago by the author, on the plan of the truss Fig. 
66y having 10 panels, and a depth equal to j\ of its 
length, weighed 0.9&)s. and bore a distributed load of 

6009)8. Hence, the modulus of the truss was -^ x 4 

■■ 2,664 feet, being more than half a mile. 

The model was somewhat strained but not broken ; 
and recovered its normal shape and condition on re- 
moval of the load. It was subsequently sent to the 
U. S. Patent Office. 

These examples, however can not be taken as*in- 
dices to the relative merits for general use, of the 
different forms of truss to which they refer. Each 
possesses qualities suited to special occasions. 

(5). A model of a 6 feet Trapezoidal Iron Truss {the 
first ever constructed)^ weight a little less than three 
pounds, sustained TOOfts. distributed, without any ap- 
pearance of overstraining ; thus showing a modulus of 

^ X 6 » 1,400 feet, with an estimated stress upon the 

chord, at the rate of about 16,0009bs. to the square 
inch. The model represents a truss of 144 feet, upon 
a scale of \ inch to the foot. The sustaining power of 
a full sized truss in the same proportions, would be 
700 X 24", «* 403,200fl>s, while theweight of truss would 
equal 8 x 24* — 41,472fts. Doubling this for two 
trusses, and adding, say 10,000&)s. for beams, &c., we 
have 92,9449>s. for the weight of a 144 feet bridge, 
capable of sustaining, at a stress of 16,0000)8. to the 
square inch upon the chords, over 856 net tons beside 
weight of structure. 
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DRAW BRIDGES. 

CLXV. The present is undoubtedly distinguishable 
from all preceding periods of history, by the increased 
amount of locomotion, both of persons and property, 
which takes place both by land and water. Hence, 
the frequent crossing of one another by land and water 
lines of transit, as well as the crossing by the former 
of unnavigable waters, and of streets and ravines, 
ereates a large demand for the construction of Bridges ; 
which forms the special subject of the present volume. 

Furthermore, as convenience often requires that 
these intersecting lines by land and water should oc- 
cupy so nearly the same elevation that both can not be 
used at the same moment, a necessity arises for the 
frequent construction of Draw Bridges, which may be 
temporarily withdrawn from over the water highway 
during the passage of water craft, and replaced for the 
transit of land vehicles. 

Cases requiring the construction of draw bridges 
occur so frequently at the present day, that a treatise 
upon bridge construction may be considered somewhat 
incomplete, which does not embrace the construction 
of Draw Bridges, as well as stationary structures. 

The subject of Draw Bridges having been omitted 
rn the preceding edition of this work, it has come to 
the knowledge of the author that such omission has 
occasioned disappointment to some who have made 
use of the book. In consideration of this, as well as 
the fact that the author has originated some plans and 
devices which he believes to be valuable and useful in 
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the construction of draw bridges, the current chapter 
is introduced in the present edition, in order to make 
the work as satisfactory and useful as may be to those 
who may have occasion to consult its pages. 

The present design is not a historical sketch of the 
construction of draw bridges, but to^ve the author's 
views, derived from experience, observation and in- 
vestigation, as to the most direct, feasible, and conven- 
ient means of accomplishing the ends requiring the use 
of such works. 

CLXVI. The indispensable requisites of a draw 
bridge are, first, strength to sustain with safety the 
weight of the land traffic, and second, mobility, ena- 
bling it to be withdrawn, so as to afford sufficient width 
•of unobstructed water way, and sufficient head room 
for the passage of the water traffic. Hence, strength 
combined with lightness is a desideratum. 

Draw bridges, as hitherto constructed and used, 
may be distinguished into three classes; Retractile, 
Swing (or pivot), and Lift Draw Bridges. The former 

Fig. 68. 




are withdrawn bodily, either in the direct line of the 
land traffic, or obliquely, so as not to come in conflict 
with the stationary portion of the way ; as represented 
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in Fig. 68, where CC shows the water channel, DD^ the 
draw closed, and JD'jD', the draw open. 

In case of direct retraction, the draw must either oc 
oupy a higher position than the permanent way, so as 
to be drawn back over a portion of it, and the two 
planes connected by an inclined apron (a plan not 
feasible for rail roads), or a portion, a (Fig. 69), of the 
way at the heal of the draw proper, D, withdrawn late- 
rally, as to the position of a', to make room for the 
longitudinal withdrawal of the draw proper. 

Fig. 69. 



a 



a 



These movements are eflFected by having the mova- 
ble bodies mounted upon wheels or rollers, running 
upon hard level ways, so as to reduce the amount of 
friction, and consequently that of the required motive 
power, to a minimum. 

But retractile draws, though they may be still used 
in a few cases, and under peculiar circumstances, must 
be regarded as nearly obsolete, having been mostly 
superseded by the swing draw, which has important 
advantages in convenience of construction and opera- 
tion. No practical details, therefore, as to the con- 
struction of retractile draws, will be given at this 
time, as such details if given, would be almost certain 
.never to be adopted in practice. 

CLXVn. The Swing or Pivot draw is either mounted 
upon a pivot P (Fig. 70), in the vertical line through 

41 
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its centre of gravity, or upon wheels or rollers rnnnlDg 
upon a horizontal circular way or track //, with its 
centre in said vertical line ; or what is more common^ 
the weight is divided between a central pivot and the 
track and rollers. 

Fig. 70. 






/* 
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It will be seen that by this arrangement, the draw 
has only to be gyrated through a quadrant, to bring it 
to a position parallel with the side of the navigable 
channel C, and leave the latter unobstructed. It is also 
obvious that the draw having its centre of gravity at P, 
the moments (with respect to P), of th^ portions or 
arms on opposite sides of P, must be equal, whatever 
be the relative lengths of those portions ; whence, in 
general, the length of arm spanning the water channel 
being given, the shorter the other arm, the greater 
must be its weight, though the exact proportion will 
depend upon the disposition of material, whether neat 
or remote from P. 

It follows that it is usually little if any more expen- 
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. «ive to construct or work a draw with two equal arms, 
and covering two equal water channels (which is often 
highly advantageous), than one having one short arm, 
with extra weight as a counterpoise to the long arm. 
This is not the case as to the retractile draw, which 
flhows one advantage in favor of the pivot draw. 

Equal arms also serve to balance the action of wind 
upon the pivot draw, which often effects a serious 
drawback to the convenient working of the swing 
bridge, and this would seem to give some advantage 
to the retractile draw, over the swing draw with une- 
qual arms. 

The portion extending over the water channel, in 
both the retractile and the swing draw, require the 
same weight of material, and the same counterpoise 
toward the opposite end. Consequently, the weight 
to be moved in working the draw, requires to be about 
the same in both. But the retractile is to be moved 
bodily, and if withdrawn obliquely at 45° with its 
longitudinal axis, must move through a space equal to 
the width of channel multiplied by \/2. If withdrawn 
in the direct line of its length, it moves over the width 
of channel, in addition to the movement required for 
the displacement of the section of road (a. a', F. 69), 
equal in length to said width of channel, making an 
amount of movement about equal to that required in 
case of the oblique withdrawal. 

The swing draw, gyrating about its centre of gravity, 
the amount of movement equals twice the weight of 
the long arm (the one spanning the water channel), 
moving through the quadrant of a circle with a radius 
equal to the distance of the centre of gravity of said 
long arm, from the centre of motion ; which distance 
is about 55 per cent, of the width of channel, allowing 
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for the distance of the centre of motion back from the 
water's edge. The length of the quadrant equals 
aboat 1.57 Bad., and, denoting the width of channel by 
C, and substituting 0.55C for Bad., we have 1.57 x 
.550 X 2wt. of long half of draw, = quantity of move- 
ment, « 0.8635C X wt. of draw ; assuming the weight 
of draw to be equal to twice the weight of the long 
half. If the short arm be heavier than the other, the 
space traversed by its centre of gravity is less in like 
proportion. 

Hence, the quantity of movement in working the 
retractile draw, is to that of working the swing 
draw, about as Cv/2 to 0.8635G; being some 6S 
per cent, greater for the former than for the latter. 
The diflference in the required power for working the 
draws respectively, may be assumed to be about the 
same, as the appliances for effecting the movement 
have about equal advantages, and the resistance to mo- 
tion is about the same in the two cases. 

This decided advantage in favor of the swing draw, 
with no apparent offset in favor of the retractile, is 
sufficient to account for the prevalent discardment of 
the latter, and adoption of the former ; as well as for 
its being here referred to as an obsolete device. 

CLXVni. The truss work of the swing draw when 
in motion, being entirely supported by the pivot at the 
centre of motion, and the wheels or rollers a few feet 
therefrom, obviously suffers a reversed action in the 
upper and lower members, from what they would 
suffer if supported at the ends. That is, in the former 
case, the upper members are exposed to tension, and 
the lower, to compression, instead of the reverse, 
which takes place in the latter case. 
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Two pluna have been employed for meeting these 
cjoditioiie ; one of wliich is the use of parallel chord 
trasses, with the upper chord to sastaia tension with 
occasional compression upon the end portions, and the 
lower chord to Bostaia compression, with occasional 
tension npon parts toward the ends. 

CLXIX. Tlie other plan is, the construction of 
trusses (ofr Fig. 71), from the turn table T, to either end, 
acting upon one another by compression at the lower 
chord through or over the turn table, and sustained at 
the outer ends by oblique suspension rods or cables, 
eb tmdfd, descending from tower frames erected over 
the turn table. 

Fia. 71. 



The trusses may be constructed upon any plan suita- 
ble for a stationary bridge of like span. But the lower 
chord must be capable of sustaining compressive action 
in the direction of its length, equal to the excess of 
horizontal force of suspension rods eb and fd, over the 
tension of respective ports of said lower chord, due to 
weight of structure. 

The horizontal action of eb, equals half the weight 
of the long arm ab, multiplied by ^, and it is advisable 
that the chord gb be able to sustain that amount of 
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compression thronghouty though some deduction may 
be made in the central portion in case economy can be 
promoted thereby, as perhaps may not be the case to 
any considerable extent 

The lower chord gb^ is relieved of tension through- 
out its whole length by the action of e6, which must 
continue nearly or quite at its maximum while loads 
are in transit, as the end b will seldom be raised when 
unloaded, so as to relieve eb to any considerable extent ; 
while the tendency of load to elongate the lower chord, 
will also tend to increase the tension e6, and may in- 
crease it considerably beyond what it endures from 
simply sustaining half the weight of the truss. But 
this point can not be precisely determined. 

These facts may properly be coAsidered in propor- 
tioning the lower chord; but the matter should be 
handled with caution, and with a constant leaning to 
the side of safety, in case of any uncertainty in regard 
to the amount and Idnd of stress upon the various 
parts. 

In case of unequal arms, as represented in the Figure, 
the short arm will generally require a greater weight 
to be thrown upon the king post /A than upon eg^ upon 
which two (regarding at present only one side of the 
bridge), the weight of superstructure is concentrated. 
It therefore becomes necessary, in order to a uniform 
distribution of weight upon the turn table, that a por- 
tion of this excess be transferred from /A to eg, through 
the tension ofce and ha, or by equivalent means. But 
assuming that the reader is versed in the general modes 
of calculating strains, as explained and illustrated in 
this and other works treating of the subject, I shall 
not go much into detail in that branch of the matter 
in baud, at this time. 
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The trusses being constructed upon any approved 
plan from turn table to adjacent abutments or piers, 
and proportioned as for stationary bridge spans, with 
the exception of the rigid lower chord as above re- 
ferred to, extending across the turn table; and the 
tower frame erected, the rod or cable eb must have sec- 
tion sufficient to bear a tension equal at least to half 

the weight of the arm aft, multiplied by - . The rod 

fd will have tension determined by the disposition and 
amount of ballast upon the arm cdy as well as the 
weight of the arm cd itself. The tension of fd will 
generally exert less horizontal action than eft, and the 
deficiency of horizontal action must be made up bj'^ 
the .horizontal action of ec and ah, in order to bring 
the centre of pressure over the centre of the table. 
The horizontal, action ofef (equal to its full tension), 
must be equal to that of eft, less that of ec ; or, equal to 
the horizontal action of fd. 

But these several stresses are easy of calculation by 
modes, it is believed, clearly explained in the present 
work, and from such calculations the following results 
are readily obtained. 

CLXX. Representing the constant panel weight of 
the arm aft by w\ the maximum variable panel load by 
M7, and w+w' by W, as usual in this work ; also, making 
t = ag, =s ae, and h « horizontal panel width, we have 
the horizontal action of eft equal to 5w?'x-^,=»252f?'~. 

The stress ofgb due to a maximum gross load, in the 
two middle panels, equals 11W-. That in the next 

panel each way, = 9W-, and in the next, 6JWp while 
the stress of the two remaining panels on the right, 
equals 4JW-, and on the left 2JW-^, and zero, respect- 
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ively. Then, as8niniDgW-B4to', the stresses of res- 
pective portions of lower chord due to a max. gross 
load, in terms of w'^ equal w'^ with the coefficients 
44, 86, 26, 18, 10 and ; showing that the tension of 
eb counteracts over \ the tendency toward tension ou 
lower chord, as to the two middle panels, over f as to 
the two next panels, and substantially the whole, as to 
the remaining parts of said chord, in a structure ar- 
ranged as in Fig. 71, and with w » Zw', 

On the other hand, the minimum tendency to ten- 
sion on the two middle panel lengths of lower chords 

is Hit'-. Hence the compression of 25t(/~ upon those 
parts, due to the horizontal action of eb^ is reduced (by 

A A 

such tendency to tension), to (25-ll)ir'~, = liw^— ; 

and, to (25-9) ?/?'-,=16u/— upon succeeding panel- 
lengths, either way, while for succeeding panel-lengths 
toward 6, the coefficients of w'^ are ISJ, 20J and 20J, 
and for those toward g, 18^, 22| and 25. 

The maximum thrust and tension for successive por- 
tions of the lower chord, beginning at the turn table, 
are, for part over turn table, and first panel-length from 
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The other members of the truss ab are subject to the 
same stresses as if it were a stationary bridge truss; 
and, if the structure have equal arms, the stresses upon 
members of the opposite arm, will of course be the 
same as upon corresponding members of the arm ab. 
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CLXXL If cd have half the length of ai, its weight 
will balance the half {gC)y of ab next the torn table^ 
while the half Cb must be counterpoised by extra weight 
upon cdy having moment equal to that of Cb^ with res- 
pect to a transverse axis through the centre of motion ; 
and the slress of /d will be determined by its lengthy 
and the weight sustained by it. In case the extra 
weight be uniformly disposed upon the two outer pan- 
els, J of it, together with J the weight of the arm cd, 
(= 2Jm?'), must be sustained by d/j and the weight of 

ballast will be 5vf x ^^J^, i of which, added to 

2^w\ equals the weight sustained by/cf, whence we 
obtain the tension of fd, its horizontal action, and the 
complementary horizcmtal action of ce, required to ba- 
lance that of eb. 

In this case, the members meeting at the points e 
and/, should have unyielding connections by pins and 
eyes, or screws and nuts. But in case of equal arms, 
d/eb may be continuous cables (usually one on each 
side of each truss), attached at b and d, and acting by 
simple pressure at e and /, those points being strutted 
apart by a force equal to 5u?' (=« vertical pressure at e), 

X ^. The piece ac should have loose connections at 

the ends (so as to act by thrust only), or what is better, 
should be omitted entirely, and the single pair of diag- 
onals inserted as indicated by the dotted lines fg and 
ehy instead of shorter ones, ce^ etc., so as to give free 
and independent action to the trusses either way, by 
a slight springing of the long king posts, as the trusses- 
are deflected by load. 

The tension of /d modifies that due to the chord hdy 
on the same principle explained with regard to eb and 
gby and to an extent determined by the length of rfA, 

42 



\ 



«80 



Bridge Building. 



and other conditions, and which can not be expressed 
in a general formula. 

CLXXTL Proceeding to the other case mentioned, 
and which may be illustrated with reference to Fig. 72, 
both upper and lower chords require to be so con- 
structed as to be able to act both by tension and thrust, 
except as to the part across the turn-table, and one, 
two, or three panels either way therefrom, as circum- 
stances may require. 



Fig. 72. 
X u t s r 
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When out of contact with the abutment at f, the 
diagonal In sustains (using the accustomed symbols), 
Ji(?', and fto, etc. to bXj Sustain respectively and succes- 
sively w?' with the coefficients 1, IJ, 2, 2J, 3, ,3J, 4, 4J 
and 5. These weights determine the stresses of those 
members, due to weight of structure (and also show 
for xy, a tension of 50m?'—, including the horizontal 
action of zZy if any), and show for several of them 
toward the right, their maximum stresses. But when 
the end I touches the abutment, and is in position for 
the transit of loads, and weight is imposed upon any 
part between a and b, the materials yielding more or 
less in consequence of elasticity, a portion of such 
weight bears at {, and the remainder at a. 

If the upper chord were relaxed between x and y, 
the respective portions of weight bearing at a and I 
could be readily determined, being the same as in case 
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of an ordinary truss. But the portion of chord xy 
being under tension equal to 502^'—, as already stated 
(regarding the abutment as sustaining no weight of 
structure), the truss must act in the manner of a beanv 
continuous over one support, and discontinuous at the 
next, so that, when loaded, there will be a neutral 
point where the action upon chords changes from ten- 
sion to thrust and the contrary. 
Now the tension of 2:3/+ hor. action of x^, equal to 

50i(?'—, must be exhausted by the hor. ac. of te, ex etc.,. 

before any compressive action can take place upon the 
upper chord. In other words, diagonals inclining to 
the left, with truss fully loaded from a to Z, must exert 
a hor. action at the upper chord greater than those 
inclining to the right (including with the latter the- 

hor. thrust of to), by SOm?'-. 

Then, assuming all the weight at the points i, J, A:, 
and \ of that at g^ to bear at ^, and all at the six points 
from 5^ to i inclusive (except J W at ^), to bear at a, 
the horizontal action toward the left upon the upper 
chord, equals 7W-^ ; and that toward the left, 19JW-^ ; 

the difference being 12JW— ; and if W =» 4u?', then 
12JW =■ 60i^', showing that the action toward the right, 
upon the upper chord, is just equal to that toward the 
left, including in the latter, the action of a:y and xz. 
Hence it will be seen that under the conditions here 
assumed, the horizontal action of m^, ttt/, mi and 77^, is 
just equal to that of ^r, fs and ei in the opposite direc- 
tion, and consequently, im, alone of the upper chord is 
subject to compression, and d alone of the lower chords 
subject to tension, while dt and ui are neutral ; ad al- 
ways under compression, and uy always under tension ; 
since this condition of load obviously throws a greater 
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bearing at I than can occur when the opposite arm is 
wholly or partially loaded, so as to bring greater ten- 
sion upon xt/j and exert greater counterpoise action 
upon the arm aL Hence this condition gives the max- 
imum compression upon the upper, and the maximum 
tension upon the lower chord. 

CLXXHL What the difference in amount of bear- 
ing at I may be with both arms fully loaded, can not 
easily be determined with precision. But as to Fig. 
72, it is deemed entirely safe to assume that at least 
all the weight at j and k will bear at Z, in all cases of 
load sufficient to produce a maximum strain upon any 
part of the structure on the right from the point a ; 
and that all the weight from b to i^ including those 
points, may bear at a. This will depend somewhat 
upon the firmness with which the ends are brought to 
bear upon abutments when in position for use, but 
without load. 

Under the above supposition as to bearing at l^ the 
obliques rrU and mj would exert horizontal action equal 
to 3W-, and equal to that of ig, and half that of ^ in 
the opposite direction ; whence gl alone of the lower 
chord is under tension, and rm of the upper chord, 
under compression ; but in neither case under maxi- 
mum stress. On the contrary, ag is under compres- 
sion, and rx under tension, being in each case a maxi- 
mum stress upon a considerable portion of those parts, 
as will be determined by comparing the strains of 
respective parts in the present assumed conditions, 
with those obtained while the structure swings clear 
of abutments. 

Representing, as usual in this work, the long diag- 
onal by D, and the short and steep ones by d', we have 
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— and— factors in expressions of stresses of those 
classes of members respectively, and for convenience, we 

will substitute m for- and n for^. Then, stress of iq 

and ffTj in case of full load upon both arms, equals 
Wra, for each ; That of fs and et equals 2 Wm, that 
.f){du an ex equals 3Wm, and that of 6a; equals 4Wn. 

CLXXrV. As to the stress of chords, half the hori- 
zontal action of ^r, being taken by the excess of thrust 

of mr over hor. action of ig,* the other half, (■=W-1, is 

opposed by tension of r5, and compression ofgf. This 

added to 4Wp for hor. action of/?t (making - = p), 

makes 5Wp =- tension of 5^,=» comp. offe. Add 4Wp 
for action of etj and it naakes 9Wp = tension of <w, = 
comp. of ed. Adding again 6Wp for hor. action of dUy 
gives 15Wp «« tension of ux^ =» comp. of dc. Then, 
adding 6Wp for action of ear, gives 21 Wp ■= comp. of 
be J and lastly, adding 4Wp for action of bx, we have 
25Wp = comp. of baza\ = horizontal action of xy and 
xz. This all falls upon xi/ in case of equal arms. 

In one or other of the three cases above considered 
(namely: first, arm swung clear and without load; 
second, arm xl fully loaded ; third, both arms fully 
loaded), every part of the arm xl undergoes its great- 
est strain, which may be determined by comparing the 
results obtained by computing the strains produced in 

* The 2W upon ml, and IW upon jm, produce thrust equal to 
3 VV^ upon mq, which equals the horizontal action of iq, 4- half that 

of gr in the opposite direction, leaving W— to be opposed by tension 
of r«. 

t/« sustaining 2W, its horizontal action ■» 4W— , 
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the several cases ; § except that ep aud fo may suflFer 
a nominal stress, not precisely determinable, under a 
load progressing from a to L Also gn may sustain 
some more weight with t, j and k unloaded, than with 
the truss fully loaded. It is deemed safe to provide 
that gn be able to sustain a weight of iW; /o, to sus- 
tain JW, and ep, ^W, a little more or less as the judg- 
ment or calculations of the designer may dictate. 

The preceding explanations are thought to be suffi- 
cient to guide as to the computation of stresses upon 
the other arm of the bridge, whether equal or unequal 

to the arm aL 

The superstructures of swing bridges should be 
thoroughly cross-tied and braced laterally, and the 
king posts (represented by ax and yz)y well secured by 
arch braces or other efficient means transversely : and 
if the space az be too great for floor joists or rail string- 
ers without intermediate support, an intermediate beam 
may be suspended from the crossing point of ay and 
xZy or stringers may be trussed. 

CLXXV. Whatever advantages either of these plans 
(Pigs. 71 and 72), may have over the other, are pro- 
bably not very great. I find a greater amount of ac- 
tion (stress into length of parts), upon material in 
chords of the long arm, in plan Fig. 71, including the 
suspension rod f6, than in that of Fig. 72, by some 5 

§ It will be seen that tu is under leas tension strain (as SSw'p to 
36w'p), and U under greater strain (as 21 to 20), when the truss is on 
the swing, than when fully loaded on both arms (upon the above 
assumptions of WMmZvf, and 2W bearing at I), and that in has the 
max. tension with bridge on the swing, while tx has its maximum 
with bridge fully loaded, mn is always under eompresnon. In the 
lower chord, 6 is the changing point, and parts at the left have their 
max. comp. with bridge fully loaded, and those on the right, when 
on the swing. 
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per cent And while the action upon diagonals and 
verticals may be a little greater in case of the latter^ 
the extra material in the tower frame of the former, is 
thought to be an overbalance for any such excess, even 
including the greater thrust and tension in the con- 
tinuation of chords over the turn-table, which takes 
place in plan Fig. 72. 

In regard to convenience of construction and appear- 
ance of structure, also, as well as economy of material, 
tlm latter plan is thought to possess some advantage. 
Still opinions and tastes may vary as to this, as well as. 
in regard to other matters. 

Regarding the ratio of length to depth of truss, the- 
same rules should govern in plan 71, as in the case of 
stationary bridges of like span. In spanning channel 
of 50 or 60 feet in width, on plan 72, the head room 
required for the traffic will govern, and depth from 15» 
to 18 feet, according to span, and the purposes of the 
bridge, whether for common or railroad travel, will 
probably be found expedient. In general, circum- 
stances will probably dictate a variation of ratio (of 
depth of truss to length of span), ranging from | to |. 

Turn Table. 

CLXXVI. The samfe plan of turn table is applicable 
with equal advantage to either of the two above de- 
scribed plans of swing bridge trussing. 

A common, perhaps the most common, form of turn- 
table for draw bridges, is composed of rollers aa^ 
Fig. 73, arranged in circular form, and rolling between 
two metallic circular rails, of which one, 66, is fastened 
to the supporting pier y, and the other, re, inverted, 
and attached to the under side of the bridge super- 
structure. 



^ 
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The rollers are in the form of conic frasta, or seg* 
meDts of cones haying their vertices meeting at the 
axis of motion of the bridge ; and are retained in posi- 
tion by arms radiating from a central hub, and serving 
as axles for the rollers; or secured by a circular frame, 

Fio. 73. 




jgr, formed of two concentric iron rings (shown com- 
plete in the upper, but only in section in the lower 
diagram of Fig. 78), one inside, and the other outside 
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of the circle of rollers. The rollers may either turn 
upon pins through their centres, and through said rings, 
or the pin or shaft may be fast in the roller, and turn 
with it upon journals running in gudgeon boxes 
attached to or formed in the circular frame /. The 
pins or axles may be quite small (say 1'^ to 1| in dia- 
meter), as they support but a nominal weight, and are 
only required to maintain the proper positions and 
directions of the axes of the rollers. 

The roller frame, as well as the upper circular rail 
running upon the rollers, must be connected with a 
central hub for each (as they do not turn together), , 
turning upon a journal or pivot attached to thiB ma- 
sonry of the supporting pier. The rails, or surfaces 
between which the rollers work, are beveled to fit the 
conical faces of the rollers, and, in order to work in 
the most perfect manner, they should be of cast iron^ 
and turned oflF by a tool carried by the arm of a heavy 
revolving vertical shaft. 

The diameter of the circle should not probably be 
less than 1 to ^ the span of the water channel, nor less 
than I to ^ the width of superstructure, and the dia- 
meter of the rollers, not greater than tV to J of the 
radius of the circle upon which they travel. Greater 
diameter would ^ve so much obliquity of face as to 
produce too strong a centrifugal tendency. The face 
of the rail should have a width of 2| to S inches 
generally, and for some 80^ opposite each king post 
(transversely of the bridge) when the draw is in position, 
a width about twice as great, and as great as the face 
of the rollers. This is to give sufficient bearing surface 
while loads are passing, when nearly the whole weight 
will be concentrated upon two or three rollers near 
each of those positions. 

43 
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The lower rail should have a depth (if of cast iron), 
of 4 to 5 inches,, according to size of bridge ; and the 
upper and inverted one, of one to two feet (the deeper 
the stiffer), and in both cases, they will generally be 
cast in segments, and those pf the upper one, bolted 
together by flanges, so as to form a rigid hoop, over 
which one or more strong beams, BBj crossing at quad- 
rantal points €6, etc. (or at the angular points of any 
rectangle inscribed in the circle), should form supports 
for the kingposts (ay, and cA,Fig. 71), the space ^A, being 
adjusted to an equality with the side of the inscribed 
square or rectangle of the rail circle. And, the nearer 
the transverse distance between king posts comes to 
the length of the other sides of the said inscribed square 
or rectangle, the less stiffness of beams, BBy is required ; 
that is, CCy F. 73 representing truss chords, and drf, the 
positions of king posts, the nearer the d points come 
to the e points, the less is the transverse action upon 
the beams BB. Hence it is desirable that the circle of 
rollers should pass directly under the points dd^ etc. 

CLXXVin. An intermediate beam may be in- 
serted between BB^ and over the centre pivot, resting 
upon the circle cc^ to support floor joists or rail 
stringers over the long stretch between BB. Or very 
stiff diagonal gipders e«, and c'c', firmly attached by 
the ends to the circle <?c, meeting a common nucleus at 
TI, and so arranged as to have an adjustable bearing 
upon the centre pivot (5 or 6 inches in diameter, as to 
size of draw), enabling any desired amount of the 
weight of structure which such girders can support, to 
be thrown upon said pivot, and thereby relieving the 
rollers, a, of a like amount of pressure. These girders 
should have the greatest practicable depth, so as to sus- 



Turn-Tables. 889 

tain as great a proportion of the weight of supe^rstruo- 
ture as may be. Eut the skill and judgment of engineers 
in charge of specific cases respectively, will dictate as 
to the minutiae of these devices, and more precise de- 
tail will not be attempted in this place, 

CLXXIX. This plan of turn table, as well as the 
one hereafter to be described, is worked by a vertical 
shaft attached to the'superstructure, and turned by one 
or more sweep levers, with a pinion at the lower end, 
taking into toothed segments attached to the circular 
track by or to the masonry of the pier^; and, in case 
more power be required, a gear wheel takes place of 
the sweeps above mentioned, and these are transferred 
to a SQcond shaft and pinion working into said gear 
wheel. 

The table above described, with slight modifications, 
is extensively in use, and, when well constructed, un- 
doubtedly works as easily and satisfactorily as can be 
expected. Still, it is liable to some objections, among 
which may be named the great weight of the ring cc, 
constituting or carrying the inverted rail, and the great 
number of rollers, a, so few of which can act with much 
effect at the same time. For, it is obvious that about 
two rollers under each king post, support essentially 
the whole weight. It is therefore proper that when 
the bridge is in place, each king post should stand cen- 
trally between two consecutive rollers ; and, that the 
rollers be at equal distances apart. Then there will 
be at least 8 rollers under equal pressureat all times 
when loads are in transit, and when rollers receive their 
greatest pressure. But without discussing this plan 
further at present, I proceed to describe another swing 
•bridge turn-table devised many years ago by myself, 
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and ased in a considerable namber of cases with most 
satisfactory results. 




Thb Whipple Turk Tablb. 



CXXX. Is arranged with a two wheeled track a. 
Pig. 74, directly nuder each king post, and the four 
counected in pairs diagonally by an inyerted triangnlar 
truss to each pair. These trusses consist of a hollow 
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cylindrical (or conic segmental) brace b, running from 
each truck frame obliquely downward to an abutting 
block c, which is common to the two trusses, with 
chords or ties d^ from truck to truck for each pair. 

The truck wheels are from 20 to 24 inches in dia- 
meter, with 5 to C inches width of rim, and with short 
axles or shafts, 8 to 4 inches in diameter, according to 
dimensions of bridge. The axles run in journal boxes 
fitted to the truck-frame so as to bring the axles in the 
direction of radii to the circular track ^, upon which 
the trucks are to run. 

The truck frame consists of two cast iron side plates 
(of which ^ and A present an outside and an inside view), 
of an I formed cross section, and contour as seen at g. 
These plates upon the insides, have projecting portions 
as shown by the dark surface of diagram A, meeting 
from opposite plates, in the centre of the frame at a 
common surface of contact, and forming continuous 
tubes or sockets through the frame, which serve as 
media through which the ties dy act upon the cylindri- 
cal braces 6, thus forming a rigid truss, which should 
be so proportioned as to be able to support (upon the 
two trusses), the whole weight of superstructure, throw- 
ing it upon the centre block c. 

The chord ties rf, of the two trusses, crossing one 
another upon the same level, are kept from mutual in- 
terference by cutting out the middle portion of one 
set, and replacing the removed part with two pieces to 
each tie bar, one passing above and the other below the 
single continuous rods of the other set, as shown at/. 

The block c has a cylindrical cavity in the under side, 
10 to 12 inches in diameter, and about 7 inches deep, 
into which is fitted (loosely) a solid cylinder entering 
about 4 inches into the cavity, and leaving a space of 
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structure to be raised essentially free frombeariug up* 
some 3 iuches in thickness above, to be occupied by 
the nuts of a number of set screws Sy intended to force 
down said internal cylinder upon the bed plate i, and 
thus relieve the truck wheels from nearly all the weight 
of superstructure. 

The bed plate i, has a socket or step f of an inch 
deep, or thereabouts, with a hardened steel plate in the 
bottom, to receive the lower part of the cylinder bear- 
ing upon the plate 2, where the diameter of cylinder 
and socket should be graduated to the proportion most 
&vorabIe tor reducing the amount of friction. A di- 
ameter of 6 to 8 inches is thought to be suitable for 
draws of 60 to 100 feet opening, while the part of the 
pivot block, within the block c should have a diameter 
of 10 or 12 inches, in order to afford sufficient surface 
for the set screws s to act upon. 

The bed plate i, should have a rim about the step to re- 
tain oil, and the surfaces above and below the steel plate 
should have radial grooves to allow the penetration of 
oil ; and these (grooves) should be so situated as to admit 
of their being probed, to prevent their getting clogged. 

The pivot block should have guides to prevent its 
turning in the cavity of the block c ; otherwise it might 
stick in the step, and the set screws slide upon its upper 
surface ; which has been the case in some instances. 

A groove should be formed in the under side of tlie 
block c, near the edge, to keep the water from the pivot ; 
and the screws 5, should be kept secluded from water 
by a tin, or galvanized iron cap shutting over a rim or 
ring cast upon the block c, outside of the screw holes. 
Sufficient vertical movement (IJ or 2 inches), should 
be allowed to the pivot cylinder, to enable the elasticity 
of the braces and ties, 6 and cf, to be taken up, and the 
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on the wheels e, as the bridge will move much more 
easily with the bearing upon the centre pivot, than up. 
on the truck wheels. 

The king posts should be placed over the centres of 
trucks, or, when this can not be done, they should bear 
upon transverse beams which bear upon centres of 
trucks. In all cases, the bearing upon trucks should 
be through the medium of bolster plates so formed up- 
on the under side as to touch the truck frame only up- 
on a space an inch wide or less, square across the centre, 
as indicated by the parallel lines across the trucks in 
the large diagram of the Figure 74. Were the pressure 
applied in a line diagonally across the truck, it would 
act unequally upon the journals, and produce a tortion 
strain upon the truck frame, which the latter might 
not be able to bear. 

Particular care should be taken to provide convenient 
means for keeping the working parts thoroughly oiled. 

The superstructure being properly adjusted and 
balanced upon this turn-table, and the set screws s^ 
forced down until all the truck wheels can be easily 
made to slide upon the rail by the use of a light crow 
bar, the structure will turn upon its centre pivot, 
steadied by contact of truck* wheels upon the rail, 
with the least practicable resistance, and, during the 
transit of moving loads, the wheels, being in contact 
with the rail, are in readiness to sustain the additional 
weight without increase of pressure upon the pivot, or 
increased strain upon the diagonal trusses. 

The modes and means for the application of power 
in working this table, as well as the preceding one, have 
already been described, [CLXXIX], and the description 
need not be repeated. They need no illustration by dia- 
gram, and are not shown in the drawings. 
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The plan, Fig. 74, requires the middle portion of the 
supporting pier to be depressed 1^ to 2 feet, as shown 
at Pj where a vertical section of the upper part of the 
pier is represented ; and, under the bed plate t, should 
be a large and firmly bedded stone capable of sustain- 
ing the whole weight of superstructure. 

This plan appears to answer all the requisites of a 
draw-bridge turn-table by the most direct and economi- 
cal means. 



Lift Draw Bridges. 

CLXXXL Under this designation may be included 
all movable bridges which are withdrawn from position 
by being raised, instead of moved horizontally out of 
place. 

Lift bridges, though not much in use at the present 
day, have been constructed to be raised bodily, being 
counterpoised by weights acting over pulleys or sheaves ; 
a plan scarcely feasible upon waters navigated by mast 
vessels, or steamers with high smoke stacks ; as must 
be obvious on a moment's reflection. 

The more common device for lift draws, is, to raise 
the platform from a horizontal to a vertical position, by 
lifting one end, while the other turns upon a hinge 
joint ; the operation being like the raising of a trap- 
door. 

This plan is feasible over narrow channels, where 
vessels may be slowly warped through. But the pro- 
cess requires so much tinM as to seriously impede the 
land traffic. A bridge may be so balanced as to turn 
upon a horizontal axis about as easily as a swing bridge 
turns upon a vertical one. But the means available 
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for applying the connterpoise are &r less convenient, 
being usaally the action of weights over sheaves, and, 
the resistance constantly diminishing as the bridge 
rises, it reqnires a complicated arrangement to graduate 
the action of the counterpoise to an equality with the 
resistance at all stages pf the movement. Still, the 
thing may be practicable, were the object of sufficient 
utility to warrant the undertaking. For instance, the 
counterpoise may be permanently attached to the draw 
in such position as to bring the common centre of 
gravity in the line of the axis of motion ; when the 
only resistance would be the friction of the journals at 
the hinge joint. Again, a counterpoise acting upon a 
windlass might raise the draw by chains winding upon 
a fusee, with radius increasing as resistance diminishes. 
Or, weight might be mounted upon wheels, and run 
down upon a curved incline, so adjusted as to diminish 
its action to an equality with the resistance at the dif- 
ferent stages. 

But none of these devices are suitable for effecting 
more than very small openings, and are not likely to 
be often adopted. They will therefore be passed by 
with a mere allusion. 

Lift bridges have also been constructed to open in 
the middle Itnd lift both ways. By this means wider 
openings may be effected. 

But, as the middle portion of the bridge and passing 
loads must be sustained by the lifting chains, this plan 
is not well adapted to any but light traffic. Such a 
structure over the Albany Basin broke down many 
years ago with faftil results. Perhaps, however, the 
catastrophe resulted rather from the imperfect condi- 
tion or faulty construction of the bridge, than from in 
herent defects of the general plan. 

44 
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Stilly this can hardly be classed as among the availa^ 
ble plans of draw-bridge construction in the present 
state of advancement in civil engineering. 

Finally, unless some advantage can be derived from 
the use of the Whipple Patent Lift Drawbridge, which 
is now about to be described, we may fairly conclude 
that Lift Draw-bridges, like retractile ones, are to be 
regarded as practically obsolete. 

CLXXXn. In the case of artificial navigation by 
horse power, where only head room of 10 or 12 feet is 
required, and where convenience requires the grade 
apon which the land traffic is carried on to be but little 
above the water surface, it is only necessary to effect 
a vertical movement of a few feet, to afford the re- 
quisite head room. And to meet such cases, a plan 
has lately been devised by myself, for which Letters 
Patent of the U. S. have been granted. 

"Whipple's Patent Lift Draw Bridge. 

This plan is, to construct over the navigable channel, 
stationary trusses (with the necessary^ struts, stays and 
braces, at the ends and upper chords, to secure per- 
manance and steadiness laterally), upon corner posts or 
towers (a. Pig. 75) of stone, wood or iron, high enough 
to allow the required head room for navigation under 
the truss chords; the towers having sufficient width 
of base, or other provision to ensure stability. To 
the parts thus prepared, instead of a stationary travel- 
way, a movable way, cradle, or tra<;k, 6, (extending to 
the edge of the towing path <), is adapted by means of 
the suspension rods r, to the upper ends of which, 
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near the lower chords, are connected the chidns or 
ropes Cj passing over the sheaves or pulleys e^ and con- 
necting with counterpoise weights Wy extending over 
the whole length of cradle, and so adjusted as to just 
balance the weight of cradle. 

The rods r, except those near the abutment, pass 
vertically through the connecting blocks of the truss 
<ihords, and screw into cap pieces which are imme- 
diately above, and rest upon said blocks, when the 
cradle is down, and serve to prevent the cradle from 
descending below its proper level, and to sustain the 
weight of transient loads without .additional stress 
upon the chains or pulleys. 

The cap-piece is furnished with a loop, or a socket, 
as may be required, for the connection of the chain or 
wire rope c, passing up inside of the hollow truss 
post standing upon the connecting block; the post 
having a slot, or opening near the upper end upon the 
inner side, to receive a segment of the sheave reaching 
the centre of the post. 

• The sheaves, except the endmost on the left (in the 
diagram), are about 8 feet in diameter, and made fast 
upon longitudinal line shafts 2, one on each side of 
the bridge, hung in composition journal boxes, one 
upon each side of each sheave, suspended from cross- 
beams A. The sheave next the end of truss, is about 
6 inches less in diameter than the others, and thrown 
inward to avoid interference with the diagonal rods of 
the truss. 

Upon each line shaft near the centre, is a bevel gear 
wheel ffj about 3 feet in diameter, into w^hich works a 
pinion upon either end of the transverse shaft /, to 
which (shaft) the power is applied for raising and 
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lowering the cradle b; and, it will be seen that on 
such application of power sufficient to overcome the 
friction of the working parts, the cradle being exactly 
balanced by the weights Wy the two line shafts, witli 
the sheaves upon them respectively, must revolve uni- 
formly, carrying the ropes along in the grooves of the 
sheaves, and raising or lowering all parts of the cradle 
uniformly, while the balance weights Wj move in the 
opposite direction. 

It is therefore only necessary to reverse the motion 
of the shaft/, to move the cradle up and down alter- 
nately as often as required. 

The sheaves not connected with the line shafts, move 
with the others, the cradle being stiff enough to over- 
come the small resistance at those points, since the 
endmost sheaves sustain only half as much weight as 
the intermediates. 

"Working loose upon the shaft/, is the large gear 
wheel n, attatched to the winding drum m, and carry- 
ing a reversible spring catch (not shown) which plays 
into the teeth of the ratchet wheel o, made fast on the 
shaft/ Then, by applying power to the wheel w, 
with the catch in the proper position, a line is made 
to wind upon the drum m, (in either direction, as re- 
quired) so as to raise a power weight />, capable by its 
descent, of raising or lowering the cradle through the 
required space in a few seconds of time. The line 
raising the weight pj is carried from the drum m, by 
means of sheaves Sj to any convenient position. 

One movement of the cradle being effected, the 
catch is reversed, the weight p is immediately wound 
up in the opposite direction, and retained by a catch 
or bolt until the draw requires another movement. 
Then, the weight is disengaged, and the movement 
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effected in the least admissible time. Ten seconds, 
with a properly adjusted power weight, is estimated to 
be safficient for a movement of the cradle through a 
space of 12 feet, while the winding up of the weight 
may require two or three minutes labor of a man. The 
operator is thus enabled to condense the labor of 
s^'.reral minutes into only a few seconds. 

It is proposed to give the power weight twice the 
force necessary to overcome the fricUon, allowing one- 
half to overcome inertia, and act as an accelerating 
force; the weight being made to run down and be 
arrested when half the movement has been effected, 
leaving the acquired momentum to be destroyed by 
the friction during the other half of the movement. 
Thus the motion will stop at the right time without 
concussive shock. 

The wheel n, to which the winding power is applied, 
may be a bevel gear wheel driven by a pinion upon the 
vertical shaft of a tread-wheel or a sweep-lever, or a 
spur gear wheel impelled by a pinion upon a horizon- 
tal counter-shaft ; and this also furnished with a large 
gear wheel to be driven by a pinion upon a third shaft 
furnished with a hand crank; thus reducing the 
power to be applied to tlie crank to any required de* 
gree. Further detail is not deemed necessary on this 
occasion. The plan is ex|>ected soon to be subjected 
to a practical test of its capabilities. 

The advantages promised by the adoption of this 
device, in the situations admitting of its use, are, first, 
it is more cheaply constructed than a swing bridge of 
like span. Second, it requires no more space for its 
operation than a stationary bridge, while the swing 
draw requires several times as much. Third, its move- 
ment is effected in a fraction of the time required by 
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any other draw bridge, whence it occaBions less inter- 
ruption to the traffic over and beneath it. This last 
advantage results from the fact that there is not more 
than one-third as much weight to be put in motion, 
and that is required to move over little if any more 
than one quarter (say f ) of the space of the average 
movement of the material of a swing draw of the same 
span. Hence, the inertia to be overcome in starting 
and stopping the latter, is much greater than in case 
of the former. For, the resistance of inertia being as 
the mass into the square of the velocity to be commu- 
nicated in a given time, to give to thrice the mass, 8]^ 
times the velocity, as required to shift these draws re- 
spectively in the same time, would give a resistance of 
.inertia more than 86 tim^es as great in one case as in 
the other, and require 86 times as much power to 
generate the velocity in the given time. But an ac- 
celerating force equal to the friction, acting through 
half the time of the movement, generates a momentum 
in the lift draw, sufficient to overcome the friction for 
the other half; and, the friction of the swing draw 
being little if any greater for the whole movement 
than that of the lift draw, it would only destroy ^5 part 
of the momentum generated in* the swing draw during 
the first half of the movement, by a force capable of 
producing that movement in the same time required 
by the lift draw. The other |J of the acquired 
momentum must be destroyed without useful effect, 
in order to avoid severe concussion at the stopping 
point, while in the other case the whole acquired mo- 
mentum may be utilized in overcoming necessary 
friction, so that no power need be wasted. Therefore, 
without extending this discussion, already, perhaps, 
carried too far, it may safely be pronounced practically 
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imposaible to effect the movement of the swing draw, 
in the time in which that of the lift draw may be ac- 
complished. 

After ally practical test is generally the only satis&c- 
tory means of determining the value and utility of any 
mechanical device. 
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plates and many wood-cuts. 

Foster's Submarine Blasting. 

4to. Cloth. $3.50. 
Submarine Blasting, in Boston Harbor, Massachusetts — ^Removal of 
Tower and Corwin Rocks. By John G. Foster, U. S. Eng. and 
Bvt Major-General U. S . Army. With seven plates. 



Mowbray's Tri-Nitro-Glycerine. 

Sva Cloth. Illustrated. $3.00. 
Tri-Nitro-Gltcerine, as applied in the Hoosac Tunnel, and to Sub- 
marine Blasting, Torpedoes, Quarrying, etc. 



Williamson on the Barometer. 

4to. Cloth. $15.00. 

On the Use of the Barometer on Surveys and Reconnais- 
sances. Part I. — ^Meteorology in its Connection with Hypsometry. 
Part n. — Barometric Hypsometry. By R. S. Williamson, Bvt. 

* Lt.-Col. U. S. A., Major Corps of Engineers. With illustrative tables 
and engravings. 
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Williamson's Meteorological Tables. 

ita Flexible Cloth. $2.5a 

Practical Tables in Meteorology and Hypsometry, in connection 
with the use of the Barometer. By Col. R. S. Williamson, U.S. A. 



Butler's Projectiles and Rifled Cannon. 

4to. 36 Plates. Cloth. $7.6a 

Projectiles and Rifled Cannon. A Critical Discussion of the 
Principal Systems of Rifling and Projectiles, with Practical Sugges- 
tions for their Improvement. By Capt. John S. Butler, Ordnance 
Corps, U. S. A. 

Benet's Clironoscope. 

Second Edition. Illostrated. 4to. Cloth. $3.00. 

Electro-Ballistic Machines, and the Schultz Chronoscope. By 
Lt-Col. S. V. Benet, Chief of Ordnance U. S. A. 



Michaelis' Clironograpli 

4to. Illustrated. Cloth. $3.00. 

The Le Boulenge Chronograph. With three lithogpraphed folding 
plates of illustrations. By Bvt. Captain O. E. Michaelis, Ordnance 
Corps, U. S. A. 

Nugent on Optics. 

12mo. Cloth. $1.60. 

Treatise on Optics ; or. Light and Sight, theoretically and practically 
treated; with the application to Fine Art and Industrial Pursuits. 
By £. Nugent. With 103 illustrations. 



Peirce's Analytic Meclianics. 

4to. Cloth. $10.00. 

System of Analytic Mechanics. By Benjamin Psirce, Pro- 
fessor of Astronomy and Mathematics in Harvard Unirersity. 



Craig's Decimal System. 

Square 32ma limp. fiOa 

Weights and Measures. An Account of the Decimal System, with 
Tables of Conversion for Commercial and Scientific Uses. By B. F. 
Craig, M.D. 
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Alexander's Dictionary of Weigh.ts and 

MeasuiTes. 

New Edition. 8to. Cloth. $3.5a 

Universal Dictionary of Weights and Measures, Ancient and 
Modem, reduced to the standards of the United States of America. 
By J. H. Alexander. 

Elliot's European Liglit-Honses. 

51 Engravings and 21 Wood-cuts. 8yo. Cloth. $5.0a 
Eucopean Lioht-House Ststevs. Being a Report of a Tour of 
Inspection made in 1873. By Major Georob H. Elliot, U. S. 

Engineers. 

Sweet's Report on Coal. 

With Maps.- 8vo. Cloth. $aOO. 
Special Report on Coal. By S. H. Sweet. 



Colburn's Gas Works of London. 

12mo. Boards. 60 cents. 
Gas Works of London. By Zerah Colburn. 

Walker's ScreAV Propulsion. 

8va Cloth. 75 cents. 

Notes on Screw Propulsion, its Rise and History, By Capt W. H . 
Walker, U. S. Navy. 

Pook on Shipbuilding. 

8vo. Cloth. Illostrated. $5.00. 
Method of Preparing the Lines and Draughting Vessels 
Propelled by Sail or Steam, including a Chapter on Laying-off 
on the Mould-loft Floor. By Samuel M. Pook, Naval Constructor. 

Saeltzer's Acoustics. 

12mo. Cloth. $2.00. 
Treatise on Acoustics in connection with Ventilation. By Alex- 
ander Saeltzer. 



Pickert and Metcalfs Art of G-raining. 

Ivol. 4to. Tinted Paper. Qoth. $iaOO. 
The Art op Graining, with description of Colors and their Applica- 
tion. By Charles Pickert and Abraham Metcalf. With 42 
tinted plates of the various woods used in interior finishing. 



Wanklyn's Milk Analysis. 

121110. Cloth. $1.00. 

Milk Analysis. A Practical Treatise on the Examination of Milk, 
and its Deriratives, Cream, Butter, and Cheese. By J. Alfbied 

WAJrKLYN,M.K.C.S. 



Rice & Jolinsoii's Differential Functions. 

Paper, 12mo. 50 cents. 

On a New Method of Obtaining the Differentials of Func- 
TiONB, with especial reference to the Newtonian Conception of Rates 
or Velocities. By J. Minot Rice, Prof, of Mathematics, U. S. Na^T", 
and W. WooLSET Johnson, Prof, of Mathematics, St. John's 
College, Annapolis. 



Coffin's Navigation. 

Fifth Edition. 12mo. Qoth. $3.60. 



Navigation and Nautical Astronomy. Prepared for the use of 
the U. S. Naval Academy. By J. H. C. Coffin, Professor of 
Astronomy, Navigation and Surveying ; with 52 wood-cut illustra- 
tions. 



Clark's Theoretical Navigation, 

Sto. Goth. $3.0a 

Theoretical Navigation and Nautical Astronomy. By Lewis 
Clark, Lieut.-Commander, U. S. Navy. Blustrated with 41 wood- 
outs, including the Yemien 



Toner's Dictionary of Elevations. 

870. Paper, $3.00 Cloth, 93,75. 

Dictionary of Elevations and Climatic Register of the 
United States. Containing, in addition to Elevations, the Latitude, 
Mean Annual Temperature, and the total Annual Rain Fall of many 
Localities ; with a brief introduction on the Orographic and Physical 
Peculiarities of North America. By J. M. Toner, M.D. 
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VAN NOSTRAND'S SCIENCE SERIES. 



It is the intention of the Publisher of this Series to issue them at 
intervals of about a month. Thej will be put up in a uniform ^ neat, 
and attractive form, 18mo, fancy boards. The subjects will be of an 
eminently scientific character, and embrace as wide a range of topics as 
possible, all of the highest character. 

Pxloe, 50 Cents Saeh. 

I. Chimneys for Furnaces, Firet-puices, and Steam Boilers. Bj 

R. Armstrong, C.£. 

II. Steam Boiler Explosions. By Zerah Colburn. 

III. Practical Designing of Retaining Walls. By Arthur Jacob, 
A. B . With Illustrations. 

IV. Proportions of Pins Used in Bridges. By Charles £. 
Bender, C.£. With Illustrations. 

V. Ventilation of Buildings. By W. F. Butler. With Illustrations. 

VI. On the Designing and Construction of Storage Reservoirs. 
By Arthur Jacob. With Blustrations. 

a 

VII. Surcharged and Different Forms of Retaining Walls. 
By James S. Tate, C.E. 

Vin. A Treatise on the Compound Engine. By John Turnbull. 

With Illustrations. 

IX. Fuel. By C. William Siemens, to which is appended the value of 
Artificial Fuels as Compared with Coal. By John Worm* 
ALD, C.E. 

X. Compound Engines. Translated from the French of A. Mallet. 

Illustrated. 

XL Theory of Arches. By Prof. W. Allan, of the Washington and 
Lee College. Illustrated. 

XH A Practical Theory op Voussoir Arches. By William Cain, 
C.E. Illustrated. 
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Xin. A Practical Tbratisb on the Gases Met With in Coal 
Mines. By the late J. J. Atkinson, Grovemmexit Inspector of 
Mines for the County of Durham, England. 

XrV. Friction of Air in Mines. By J. J. Atkinson, author of " A 
Practical Treatise on the Gases met with in Coal Mines." 

XV- Skew Arches: By Prof. E. W. Hyde, C.E. Illustrated with 
numerous engravings and three folded plates. 

XYL A Graphic Method for Solving Certain Algebraic Equa- 
tions. By Prof. George L. Yose. With Illustrations. 

XVn. Water and Water Supply. By Prof. W. H. Corfield, 
M.A., of the University College, London. 

XVin. Sewerage and Sewage Utilization. By Prof. W, H. 
Corfield, M. A., of the University College, London. 

XIX. Strength of Beams Under Transverse Loads. By Prof. 
W. Allan, author of " Theory of Arches." With Illustrations 

XX. Bridge and Tunnel Centres. By John B. McMasters, 
C.E. With Illustrations. 

XXI. Safety Valves. By Richard H. Buel, C.E. With Blnstra- 
tions. 

XXn. High Masonry Dams. By John B. McMasters, C.E. 
With Illustrations. 

XXm. The Fatigue of Metals under Repeated Strains, with 
various Tables of Results of Experiments. From the German of 
Prof. LuDWiG Spangenberg. With a Preface by S. H. Shreye, 
A.M. With Illustrations: 

XXIY. A Practical Treatise on the Teeth of Wheels, with 
the theory of the use of Robinson's Odontograph. By S. W. Robin- 
son, Prof, of Mechanical Engineering, Illinois Industrial University. 

XXY. Theory and Calculations of Continuous Bridges. By 
Mansfield Merriman, C.E* With Illustrations. 
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Ttie University Series. 

No. 1. — On the Physical Basis of Life. By Prof. T. H. Huxlet, 
LL.D., F.R. S. With an introductioa by a Professor in Yale College. 
12ino, pp. 36. Paper cover, 25 cents. 

No. 2. — The Co relation of Vital and Physical Forces. By- 
Prof. George F. Barker, M.D., of Yale College. 36 pp. Paper 
covers, 25 cents. 

No. 3.- -As Regards Protoplasm, in relation to Prof. Huxley's 
Physical Basis of Life. By J. Hctchinson Stirling, F.R.C.S. 
72 pp., 25 cents. 

No. 4. — On the Hypothesis of Evolution, Physical and Meta- 
physical By Prof. Edward D. Cope. 12ino, 72 pp. Paper covers, 
25 cents. 

No. 5. — Scientific Addresses: — 1. On the Methods and Tendencies 
of Physical Investigation. 2. On Haze and Dust 3. On the Scien- 
tific Use of the Imagination. By Prof. John Tyndall, F.R.S. 
12mo, 74 pp. Paper covers, 25 cents. Flex, cloth, 50 cents. 

No. 6. — ^Natural Selection as Applied to Man. By Alfred 
Russell Wallace. This pamphlet treats (1) of the Developement 
of Human Races under the Law of Selection; (2) the Limits of 
Natural Selection as applied to Man. 54 pp. 25 cents. 

No. 7. — Spectrum Analysis. Three Lectures by Profs. Roscoe, 
HuGoiNS and Lockyer. Finely Illustrated. 88 pp. Paper covers, 
25 cents. 

No. 8. — The Sun. A sketch of the present state of scientific opinion 
as regards this body. By Prof. C. A. Young, Ph. D. of Dartmouth 
College. 58 pp. Paper covers, 25 cents. 

No. 9. — The Earth a Great IVLignet. By A. M. Mayer, Ph. D., 

of Stevens' Institute. 72 pp. Paper covers, 25 cents. Flexible 
cloth, 50 cents. 

No. 10. — Mysteries of the Voice and Ear. By Prof. O. N. Rood, 
Columbia College, New York. Beautifully Illustrated. 38 pp. 
Paper covers, 25 cents. 



One Volume Crown 8vo 182 pages, illustrated, price $8 00. 



LEGAL CHEMISTRY: 



A GUIDE 



TO THS 



DETECTION OF POISONS, EXAMINATION OF STAINS, ETC., 



AS APPLIED TO 



CHEMICAL JURISPRUDENCE. 

Translated with Additions from the French of A. Naquet, Pro- 
fessor TO THE Faculty of Medicine of Paris. 

By J. P. BATTERSHALL^Nat. Sc. D. 

with a preface by 
C. F. CHANDLER, Ph.D., M.D., LL.D. 



P R EF A C E . 

The importance of exact chemical anolyRis in a f^reat variety of oases wMch come 
before the courts is now fully recognised, and the translation of this excellent little 
book on Leeral Chemistry, by one of the most distinguished French Chemists, will be 
appreciated by a large class of American readers who are not able to consult the 
orifdnal. While it is to be regretted that the author has not presented a much more 
complete work, there ia an advantage in the compact form of this treatise which com- 
pensates, in some degree, for its brevity. 

The translator has greatly increased the value of the book by a few additions and 
his copious index, and especially by the listb of works and memoirs which he has 
apipended ; aod while he could have futther increased its value by additions from 
otber author*, we recognize the woifi^ht of the considerations which induced him to 
present it in the form given to it bv the author Some chapters will have very Uttle 
value in this country at this day, but the translator could not, with propriety, omit 
anything contained in the original. G. F. 0. 



" This is one of the most valuable and practical works issued on this subject, con- 
taining in a small compass nearly everything required.''— ^tfio York EoUetio Medical 
Jourmul. 

'* This book on Legal ( hemistry is the vad6 mtcttm indispensable to fhe dootor, 
the lawyer, and the judge, called to discuss criminal oaaes of that kind, which have 
become so frequent of late.** -Commtrchil AdrertUtcr. 

**This little work will be found very valuable as a guide to ordinary medical 
experts, and gives very explicit directions for the chemical examinations necessary 
for the discovery of a large list of poisons, mineral and vegetable ; also the examina- 
tion of fire-arms, writings, ashes for human remains, adulteration in food, mediciOM, 
etc., ete.'*^(Mc^iffo Me Heal Timet. 



One Volume^ 339 pages^ with numerous DiagraTOS and 
Wood-CntSy Jiandsoniely hound in fine cloth^ $1 50. 



THE 

MECHANICS' FRIEND. 

XDITXD BT 

WM. E. A. AXON, M.R.S.L. 

▲ COLLBCnON OF 

BEGEIPa^ AND FBAGTIGA£ SUGGESTIONS 

RELATIHO TO 

The Metric System, Miscellaneous ToolSj Instruments and Processes^ 
Cements and Glues, Varnishes and Lacquers^ Solders and Metal- 
Working, Steam-Engines, Railways and Locomotives, Fire- 
Arms, Horology, Glass, Wood- Working, House and Gar- 
den, Draicing and Moulding, Photography, Musical 
Instruments, Taxidermy, Plant Preserving, 
Aquaria, Miscellaneous Chemical Pro- 
cesses and Compositions, Lighting,, 
Dyes, Water-proojing, Gilding 
and Bronzing, Pyrotechny 
Electricity, Magnetism, 
and Telegraphy. 



EXTRACT FROM PREFACE. 

The present differs In some important particnlars from the manT *' reoeipt-books *^ 
whi<h hare preceded it. It i.t the result not so much of individual jadgment as of the 
action of a number of '^ friends in council,** whose practical experienoes hare inspired 
the instructions and hints it contains. . . . Tnere is a larse and rapidly-increas- 
ing class of amateurs who devote some of their leisure to workinf; in the mechanical 
and other brat>ohes of practical science. These per-ons wil . it is hoped^in this 
volume find many things to save thorn trouble and speed them on their way. Whether 
thev want to skeletonize the leaf of a plant, or to construct a t>team propeUer for a 
model boat, to make a sky-rocket or an electric clock, an artifloial magnet or a photo- 
graphic handkerchief, they will not look in vain. The tendency to the traditional in 
every trade renders it probable that with persons of this oiass many improved pro 
cesses will originate. '1 Jie amateur workman looks at things with a fresher eye than 
one who has come to regard the processes learned in youth as the final of perieotion. 
. • . In preparing for the press the contributions of so many individuals, a con> 
slderable amount of revision and condensation has been necessary, and every possible 
care has been taken to exclude matter already easily accessiblp. . . . Tne topics 
^7^* M f<^r as possible, been grouped together according to their mutual relation- 
ship, but as all such attempts at classification are in their very nature defective, this 
arrangement has been supplemented by a copious alphabetical index. 



« J, — *^* Tarious receipts that are Mattered throughout the work, the reader wfll 
i ^k ^^'^^ amount of valuable material to reimburse him for the cost of the book, 
and there are numerous ingenious and useful mechanical devices, which are foliy 
figured and explained.**— //i<iiM/Ha^ Monthly, 

** It is an invaluable book of reference for practical and amateur meoba&ics and 
art|U»M, and all who are interested in experimental soienoe.**— ^msriean Frogrm, 



